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Macaroni, Spaghetti, and Vermicelli 


HISTORY 


Macaroni products have been popular in Latin and Germanic Europe 
for centuries. This food is said to have originated in China and Japan, 
whence it found its way to Europe, some claim through Germany. The 
Italians, who were using macaroni in the fourteenth century, learned 
from the Germans how to make it. In time they became its largest 
producers and consumers. From Italy this food found its way to 
France, where it was used even before the time of Louis XIII. 

3efore the manufacture of macaroni became an industry, it was 
made by hand in about the same manner in which it is now made in 
the home. At first it was sold only in apothecaries’ shops, being recom- 
mended chiefly for infants and invalids. The first mechanical process 
for making macaroni was perfected about 1800. 

The macaroni industry in this country started about 80 years ago, 
but it was 1870 before large-scale production became established. Not 
until 1900 did it assume any appreciable commercial importance, how- 
ever, and not until after the World War was it in a sufficiently strong 
position to meet aggressively all foreign competition. The growth of 
this industry during the past 20 years has been phenomenal. 


PRODUCTION 


The production of macaroni, spaghetti, vermicelli, and noodles in 
1910 has been estimated at about 200,000,000 pounds; that in 1914 at 
300,000,000 pounds; and that in 1920 at 450,000,000 pounds. The 





* Food Research Division contribution 108. 
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census reports show that in 1927 about 483,000,000 pounds of these 
products valued at $42,373,000. were manufactured. In 1929, the 
amount produced was approximately 553,000,000 pounds, valued at 
$46,871,000. Whereas the latest figures (1931) show a production of 
524,000,000 pounds valued at $35,341,000. In 1929, the number of 
establishments manufacturing these products was 353; in 1931, 306. 


TABLE I 


DATA ON THE PRODUCTION OF MACARONI, SPAGHETTI, VERMICELLI, AND NOODLES 
IN STATED YEARS 











Number of Cost of mate- 

establish- rials, supplies, Value of 
Year ments Wages fuel, and power products 

1,000 dollars 1,000 dollars 1,000 dollars 

1931 306 4,473 20,294 36,216 
1929 353 5,384 27,336 47,074 
1927 353 5,071 27,434 45,353 
1925 327 5,026 27,491 43,489 
1923 343 4,332 16,646 29,557 
1921 ° 409 3,749 19,964 31,013 
1919 Sor . 4,168 25,110 37,057 
1914 373 1,638 7,938 12,884 





The macaroni industry is strongest in the Atlantic States from 
Baltimore to Boston, the principal centers of production being New 
York, Philadelphia, and Boston, and in the neighborhood of these cities. 
Large amounts are also produced in Buffalo, Pittsburgh, Cleveland, 
Chicago, Milwaukee, St. Louis, New Orleans, San Francisco, Seattle, 
and Los Angeles. 

Of the 450,928,000 pounds of macaroni products (excluding noodles ) 
made in 1927, New York produced 121,500,000 pounds; Pennsylvania, 
66,100,000; Illinois, 59,500,000; Missouri, 33,100,000; California, 30,- 
500,000; Louisiana, 19,100,000; Ohio, 11,100,000; and Minnesota, 
9,600,000. 


IMPORTS 


The imports of macaroni products at one time were really formidable. 
From 1909 to 1913 the average yearly importations of macaroni into 
the United States amounted to more than 112,000,000 pounds. In 1914, 
they amounted to nearly 130,000,000 pounds or 40% of the domestic 
production, or 30% of the domestic consumption. More than 93% 
of these imports were from Italy. From 1927 to 1932 the imports 
averaged 2,877,000 pounds or a little over 44% of the amount produced 





1 United States Department of Commerce, Bureau of the Census, Census of Manufacturers 1927, 
1929, 1931. Macaroni, Spaghetti, Vermicelli, and Noodles. (Mimeographed.) 
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in this country. The tabulation given in Table II shows the amount 
imported from 1913 to 1932 inclusive. 














TABLE II 

IMPORTS OF MACARONI, VERMICELLI, AND SIMILAR PREPARATIONS ! 
Year (1,000 pounds) Year (1,000 pounds) 
1913 106,500 1925 6,408 
1914-17 none 1926 5,225 
1918 402 1927 3,513 
1919 802 1928 3,433 
1920 805 1929 2,856 
1921 1,587 1930 2,776 
1922 2,917 1931 2,459 
1923 3,476 1932 2.225 
1924 4,534 

1 Tariff information surveys . .. macaroni, vermicelli, and all similar preparations. U. 5S. 


Tariff Commission. G-3, 23 p., illus. 1921 (Revised edition), and Foreign Commerce and Naviga- 
tion of the United States, 1913-32. 


Exports 


Not until after 1920 did the United States become an exporter of 
macaroni to any appreciable extent; in fact the exports, if any, before 
that date were so insignificant that the Bureau of Foreign and Domestic 
Commerce did not consider them of sufficient importance to warrant 
their being given a separate classification and reported separately. The 
exports from 1922 to 1926 averaged 7,794,000 pounds while those from 
1927 to 1932 amounted, on the average, to 7,521,000 pounds. 


TABLE III 
EXPORTS OF MACARONI, VERMICELLI, AND SIMILAR PREPARATIONS ! 











Year (1,000 pounds) Year (1,000 pounds) 
1922 7,495 1928 9,979 
1923 7,160 1929 10,140 
1924 7,486 1930 8,719 
1925 8,557 1931 4,613 
1926 8,272 1932 3,208 
1927 8,468 





1See footnote 1, Table II. 


CONSUMPTION 


The average American per capita consumption of macaroni products 
is less than 5 pounds per year, or one-eighth to one-tenth that of Italy. 
In a recent survey conducted by the National Macaroni Manufacturers’ 
Association ? it was shown that only 4% of the housewives interrogated 
serve macaroni or spaghetti more than twice a week and only 40% 





2 From a survey made for the National Macaroni Manufacturers’ Association. Macaroni and 
the daily menu. (Prepared by Mille’s Advertising Company, Indianapolis.) 
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give macaroni products a place on the table as often as once a week. 
In fully one-third of the homes, macaroni or spaghetti is not served 
more than once a month. To serve macaroni in each home but once 
a week would increase its consumption by almost 50%. 

According to the Bureau of Labor statistics,* the average consump- 
tion of macaroni per family for the country as a whole for the period 
1909 to 1913, was approximately 23 pounds. The South Central States 
lead, with a family consumption of 29 pounds. The people of the 
South Atlantic States consumed the least, 15 pounds per family. The 
same authority indicates that at the same time the family consumed on 
an average, 35 pounds of rice, 41 pounds of rolled oats, 54 pounds of 
corn-meal, 264 pounds of flour, 531 pounds of bread, and 704 pounds of 
potatoes. The data in Table IV, taken from a preliminary report by 
Hawley * of the United States Bureau of Home Economics, show the 
average amount of cereal food consumed per adult male on the farms 
of four States during 1923. Less than 30 cents worth of macaroni a 
year is consumed per capita by the people on the farms of these States. 


TABLE IV 


AVERAGE AMOUNT OF CEREAL Foop CONSUMED PER ADULT MALE ON THE FARMS 
oF VARIOUS STATES DuRING 1923 











Kansas Kentucky Missouri Ohio Average of 
all States 
Cereal food (406 families) (365 families) (178 families) (382 families) listed 
Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value 
in in in in in 
dollars dollars dollars dollars dollars 
Bread 12.2 1.18 11.2 1.08 27.3 2.67 42.4 4.01 2335 3.53 
Corn-meal 10.7 37 444 1.18 19.5 -61 11.6 .36 21.6 -62 
Corn-starch = — — = a= oo — — 0.9 11 
White flour 221.8 8.03 193.4 8.24 189.7 7.96 161.3 6.58 192.8 7.68 
Whole wheat flour 6.9 .26 6.6 24 4.1 21 y a .24 1.3 -12 
Rice 3.9 .40 1.8 -17 4.3 .36 3.6 .33 3.3 a 
Rolled oats 12.5 1.00 4.4 .39 10.3 82 8.8 .78 8.7 .74 
Macaroni $2 .26 1.3 -27 2.0 39 1.2 .25 1.3 .26 
Other cereals — -- -= -— a =: = 8.7 .89 
Other baked goods — -- -- -—— — a = — 7.4 1.39 





Types PREFERRED 


The short types of macaroni products are preferred by housewives. 
According to a recent survey made for the National Macaroni Manu- 
facturers’ Association,? 64% of the housewives buy the short macaroni, 
27% buy the long, and 9% use both kinds. On the contrary, 48% 
of the housewives prefer the long type of spaghetti, 43% prefer the 
short, and 9% use both. 





3 U. S. Department of Labor, Bureau of Labor Statistics 1018. 

* Hawley, E. Average quantity, cost, and nutritive value of food consumed by farm families. 
Food consumed during one year by 13 farm families in selected localities in Kansas, Kentucky, 
Missouri, and Ohio. (A preliminary report. 29 p., Aug. 1926, Mimeographed.) U. S. Dept. Agr., 
Bur. Home Economics. 
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In general the sale of packaged goods exceeds somewhat that of the 
bulk product. The trend of consumption seems to be in favor of the 
packaged goods. Bulk products are consumed largely by people of 
Italian descent. Other Americans, according to Woods and Snyder,® 
seem to prefer packaged goods. Canned macaroni products are used 
by less than one-fourth the number of housewives that use the bulk or 
packaged goods. 


Cost oF MANUFACTURE 


Owing to the higher cost of labor, the cost of manufacturing maca- 
roni in the United States is appreciably higher than in Italy, our most 
formidable competitor, from which comes most of the macaroni im- 
ported by this country. 

In 1920, the Federal Tariff Commission ® reported that the average 
cost of producing bulk macaroni by American manufacturers was 9.92 
cents per pound, divided as follows: Material, 6.32 cents; labor, 1.12 
cents; sundry materials, 1.04 cents; overhead, 1.44 cents. On a per- 
centage basis the costs were 63.71%; 11.29%; 10.48%; and 14.52%, 
respectively. 

The cost of packaged macaroni per pound averaged 13.26 cents or 
314 more per pound than that for the bulk product. This cost was 
divided as follows: Material, 6.7 cents (50.53% of the whole cost) ; 
labor, 1.56 cents (11.76%); sundry materials, 2.73 cents (20.59%) ; 
overhead, 2.27 cents (17.12%). As a percentage of the total, the cost 
of labor for packaged goods is essentially the same as that for bulk 
goods, and the cost of material is 20% less; but on the other hand the 
cost of “sundry materials” is nearly 100% greater and the overhead 
nearly 20% more. The cost of manufacturing macaroni is less when 
it is made from flour than when it is made from semolina, because the 
flour is easier to work and requires less expensive machinery. 

The tariff on macaroni products from 1908 to 1914 was 114 cents 
per pound. From 1914 to 1920 the rate of duty was 1 cent per pound. 
The Fordney-McCumber Tariff Act of 1921 fixed a duty at 2 cents, 
which rate has since remained unchanged. Noodles, however, are now 
being taxed at 3 cents per pound. 

In 1913, the price of bulk macaroni f. 0. b. Naples was 4.5 to 5 cents 
per pound; in the northeastern part of the United States the price was 
7 cents. In 1921, the relative prices in the two countries were 8.75 cents 
and 10.5 cents respectively. In January, 1932, the average retail price 
for bulk macaroni in Washington, D. C. was 3 pounds for 25 cents, 








5 Woods, C. D., and Snyder, H. Cereal breakfast foods. U. S. Dept. Agr. Farmers’ Bull. 249. 
(1906.) 
®*See footnote 1, Table II. 
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whereas the comparative Italian prices per pound were: Genoa, 6.2 
cents; Rome, 5.7 cents; Milan, 5.6 cents. 

According to one of the large manufacturers of macaroni products, 
bulk macaroni in this country should sell at not less than 3 cents per 
pound above the cost of the semolina. According to Hoskins,’ the 
cheapest packaged goods should cost at least 4 cents per pound above 
the cost of the raw material without the cost of outgoing freight or 
selling expense, that is, if semolina costs 314 cents a pound, the minimum 
price of a case containing twenty-four 8 ounce cartons should be more 
than $1.05 f. o. b. factory. 


Raw MATERIALS FOR MACARONI 


Durum Wheat 


Macaroni products, particularly those in Europe, are made primarily 
from semolina obtained by milling durum wheat. The macaroni indus- 
try in this country owes its growth in recent years largely to the excel- 
lence of the semolina and farina made in American mills from durum 
and other hard wheats. | 

In his report on breadstuffs of the United States, published in 1849, 
Beck * called attention to the high gluten content of Kubanka or Ar- 
nautka wheat, varieties of durum, stating that 
this wheat is worthy of a trial in the United States. The color of the flour might 
perhaps be an objection to its use for making bread but it would answer well for 
the manufacture of macaroni and vermicelli. 

Before 1900 less than 100,000 pounds of durum wheat a year were 
produced in this country.® In 1899 M. A. Carleton, Cerealist of the 
United States Department of Agriculture, made his first special trip 
to Russia for the purpose of securing the best durum seed-wheat. 
Within three years after Carleton’s second trip to the Volga, in 1900, 
to obtain the best hard wheats which would thrive in the semiarid 
regions of the Middle West, the annual production of durum wheat had 
increased to 6,000,000 bushels. As a result of Carleton’s two trips to 
Russia an average of 70,000,000 to 80,000,000 bushels of durum wheat 
are produced in this country each year. During the five years from 
1926 to 1930 the production ranged from 47,000,000 to 102,000,000 
bushels, the average being about 70,000,000, which is from 8% to 9% 
of all the wheat produced in this country. 





T Hoskins, G. G. Cost of accounting points the way to cleaner competition. Food Indus. 1: 
81-83. (1928.) 

® Beck, L. C. Report on the breadstuffs of the United States, their relative value, and the 
injury which they sustain by transport, warehousing, etc. Comm. Patents Ann. Rpt. 1848, 245- 
273. (30th Cong., 22d Sess., H. R. Ex. Doc. 59.) 

® Carleton, M. A., and Chamberlain, J. S. The commercial status of durum wheat. U. S. 
Dept. Agr., Bur. Plant Indus. Bull. 70. (1904.) 
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The average production (in 1,000 bushels) ,*° and the percentage of 
the total of each of the five commercial classes of wheat grown in this 
country during the years 1928 to 1932 are: Hard red spring, 153,230, 
or 18.2% ; durum, 55,973, 6.6% ; hard red winter, 375,363, 44.7% ; soft 
red winter, 175,583, 20.8% ; white, 82,236, 9.8% ; total 856,887. The 
durum wheat crop during the past ten years has varied from a maximum 
of 102,000,000 bushels (in 1928) to 21,000,000 (in 1931). 

Durum wheat is grown chiefly in the eastern part of North Dakota 
and South Dakota, in western Minnesota, and in Montana. The center 
of production is gradually moving northward, indicating that resistance 
to rust is of greater moment than resistance to drought. When grown 
under semiarid conditions, however, it produces the best quality of 
grain. It is drought and rust resistant and therefore usually outyields 
other wheats grown in the Great Plains area. Typical heads of durum 
wheat are shown in Figure 1. 

Durum wheat is grown extensively in Russia and Algeria as well 
as in the United States, and to a less extent in Canada, Chile, Syria, 
Spain, Italy, India, Rumania, and Argentina. 

Previous to 1904, most of the wheat used for the manufacture of 
semolina in Europe was obtained from Russia. Since that time, how- 
ever, Marseille and other semolina-manufacturing centers have obtained 
a large share of their durum wheat from the United States. 

In the United States, approximately 15,000,000 bushels of durum 
wheat are ground into semolina each year, yielding approximately 
2,500,000 barrels, which, with farina and flour, are utilized in the 
production of 525,000,000 to 550,000,000 pounds of macaroni products. 

As its name implies, durum wheat is hard wheat. It is much harder 
than the socalled hard wheats, that is, the hard red spring and hard red 
winter wheats. Durum wheat is classed as Triticum durum, whereas 
ordinary spring and winter hard wheats belong to Triticum vulgare. 
The French term “ blé dur” and the Italian “ grano duro” refer only 
to durum wheat; the terms bié tendre (French) and grano tenero 
(Italian) include the ordinary hard red spring and hard winter wheats 
as well as soft winter wheat. In certain parts of the United States 
and Canada durum wheat is known as “ goose wheat.” 

When grown under proper conditions of climate and moisture the 
grain of durum wheat is flinty throughout and semitranslucent. Be- 
cause of its flinty characteristics durum is better than any other wheat 
for the manufacture of semolina. Differences in textural characteristics 
are illustrated in Figure 2. 

There are several subclasses and grades of durum wheat. Amber 
durum is most suitable for the production of semolina, as it combines 








1” Statistics of grains. U. S. Dept. Agr. Yearbook, 1933, pp. 399-477. 
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(Courtesy of U. S. Bureau of Plant Industry.) 
ARNAUTKA KUBANKA 


Fig. 1. Arnautka and Kubanka varieties of durum wheat. 
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Fig. 2. Cross sections of durum wheat kernels. (1) Flinty wheat grain. (2) Half-starchy wheat 


grain. 


(3) Starchy wheat grain. 
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strength with a most desirable creamy-yellow color. Red durum should 
not be, and generally is not, used for making semolina, as macaroni 
made from it has a dull-gray color. Although the amount of amber 
durum produced in this country fit for making high-grade semolina is 
relatively small, it is, as a rule, sufficient to meet the needs of the 
semolina millers. 


COMPARISON OF THE QUALITY OF THREE DURUM VARIETIES 


Ill 





Fig. 3. 


I. Kubanka durum with sample of semolina and macaroni which were produced from it. Note 
the brightness of the products. The Mindum variety produces similar color. The American maca- 
roni consumer demands this quality of product and this type of wheat commands substantial premiums 
in the Duluth and Minneapolis markets. 

II. Acme durum with sample of semolina and macaroni which were produced from it. Note 
the grey and dull appearance of the products. The Monad and Peliss varieties produce similar color. 
Products of this quality cannot be sold in the American markets and such wheat (though it may be 
graded No. 2 Amber durum or better) must go for export at the export level of prices. 

III. Red durum with sample of semolina and macaroni which were produced from it. Note the 
dirty as well as the grey and dull appearance of the products. As in the case of the Acme variety 
such products are unsaleable in the American domestic market. The domestic demand for this variety 
of durum is chiefly for feed purposes. 


The chemical composition of any wheat is very much affected by 
the conditions under which it is produced. As has been previously 
shown by the author,’ a wet season invariably tends to produce a low 
protein (gluten) grain. The average protein content of durum wheat 
in some seasons is not much higher than that of spring wheat, and at 
times it may be even lower. According to tabulations by Henry and 
Morrison,’* the average composition of durum wheat is: Moisture, 


10.4% ; ash, 1.8%; fat, 2.5% ; fiber, 2.6% ; protein (N X 5.7), 14.1%; 





1 LeClerc, J. A., and Leavitt, S. Tri-local experiments on the influence of environment on the 
composition of wheat. U. S. Dept. Agr., Bur. Chem. Bull. 128. (1910.) 

12 Henry, W. A., and Morrison, F. B. Feeds and feeding; a handbook for the student and 
stockman. Edition 18. 770 p. (1922.) 
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nitrogen-free extract, 68.6%. Durum wheat has less bran than other 
wheats. The Bureau of Chemistry’s unpublished results of analyses of 
hundreds of samples of durum wheat, grown in practically every state 
west of the Mississippi, show the following variations: Moisture, 8- 
12%; ash, 1.30-2.35%; P,O,, 0.70-1.20%; fat, 1.10-2.40%; fiber, 
1.70-2.85% ; pentosans, 5.80-8.20%; nitrogen, 1.77-—3.10%; invert 
sugar, 0.17—1.20% ; cane sugar, 1.60-3.90% ; weight per 1,000 kernels, 
23.3-55.1 grams. 


Semolina and Farina 


Semolina (French: semoule; Italian: semolino) is the coarsely 
ground and carefully purified milling product or middlings of durum 
wheat. It consists of grits of different sizes; in fact, the term ‘ 
lina” 


* semo- 
is the Italian name for grits or middlings. If the grits should 
be ground finer, the result would be flour. 

The semolina manufacturers of Italy often use blends of durum and 
common hard wheats mixed in the ratios of 50:50 to 75:25. The best 

. 
semolina is obtained, however, when durum predominates. In France 
the minimum of durum wheat (grown in Algeria, Tunisia, or Morocco) 
entering the manufacture of semolina was recently fixed at 70%, that is, 
not more than 30% of common wheat may be blended with the durum. 

Farina is a product similar to semolina, but it is made from hard 
wheat other than durum. It is coarser than semolina, grade for grade. 

The definitions and standards for semolina and farina adopted by 
the United States Department of Agriculture ** are: 

SEMOLINA is the purified middlings of durum wheat. 

FARINA is the purified middlings of hard wheat other than durum. _ 

PURIFIED MIDDLINGS is the clean sound granular product obtained in 
the commercial process of milling wheat and is that portion of the endosperm 
retained on 10 XX silk bolting cloth. It contains no more flour than is consistent 
with good commercial practice, nor more than 15% moisture. 

Semolina and farina are also defined by the National Macaroni 
Manufacturers’ Association ** as follows: 

SEMOLINA is the purified middlings obtained from the grinding of durum 
wheat. It is free from bran and other offal and shall contain not more than 
13.5% moisture and not more than 1% of flour. 

FARINA is the purified middlings obtained from the grinding of hard wheats 
other than durum wheats. It is free from bran and other offal and shall contain 
not more than 13.5% moisture and not more than 1% of flour. 

Semolina is the product of specialized milling, just as flour is. The 
chief centers in the United States for the production of semolina are 
in Minnesota and North Dakota, most of the mills being in St. Paul 





18 New definitions and standards for food products. U. S. Dept. Agr. S. R. A. F. D. 2, Rev. 2. 
(Released May 15, 1933.) 

14 Zerega, F. L. Proposed tentative definitions for semolina and farina. National Macaroni 
Manufacturers’ Association, Washington office. March 8, 1927. (Mimeographed.) 
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and Minneapolis. In Europe semolina is produced principally in Mar- 
seille, Lyons, Genoa, Naples, Mannheim, Frankfort a/M, Salonica. 
A brief outline of the semolina milling process is given below.’® 


The objective in semolina milling being different than in flour milling, the 
flow of a semolina mill is quite different than that of a flour mill. The system in 
a semolina mill may be divided in general as follows: (1) wheat cleaning, (2) 
breaking, (3) purifying, (4) sizing, (5) repurifying, (6) finishing. 

A flour mill may depend upon the action of its smooth reducing rolls to 
separate from the finished flour many impurities, such as seed-hulls, etc. In milling 
semolina it is necessary to remove all impurities by means of the grain-cleaning 
system. 

For both these reasons a semolina mill must have a more elaborate cleaning 
system than a flour mill of the same size, and that system must not only be large 
enough but also be comprehensive and flexible enough to take care of any reason- 
able changes in cleaning demands promptly as such changes arise. 

Correct and accurate tempering is most important in a semolina mill. Such 
a mill must insure at all times proper conditioning of the grain so that the bran 
coat may be removed as completely as possible by the break roll system, thus 
avoiding to a great extent the presence of branny specks in the semolina. 

In flour milling small errors in tempering are taken care of to a considerable 
extent by the removal of adhering bran flakes in the course of reducing the mid- 
dlings to flour, but where purified middlings such as semolina is the end product, 
any tempering errors show up at once in the finished product. 

Considering that in semolina milling the object is not only to produce a maxi- 
mum amount of clean middlings but also to produce those middlings in as large 
sizes as possible, very careful grinding becomes extremely important in order to 
avoid reducing the size of any middlings unnecessarily, and to avoid making any 
unnecessary break flour. A semolina mill, therefore, should have a longer break 
roll system than a flour mill needs, and should also have more break roll surface 
than a flour mill of similar capacity. 

The sizings system in a semolina mill is also much longer and more complicated 
than in a flour mill. The sizings system consists of rolls corrugated like break 
rolls but with finer and shallower corrugations. They are used for resizing mid- 
dlings, or partially finished semolina, which still carry too much bran to be classed 
as finished products. 

In flour milling two or three sizings rolls are usually all that are used as there 
is no necessity for the preservation of maximum results from each size of un- 
finished middlings needing regrinding to free them from bran particles. 

After each breaking and each sizing, the products of grinding are passed over 
a grading sifter, a separate grading system being used for each break. These 
sifters grade the stock into several different sizes, which, with the exception of 
the coarsest and the finest, go at once to separate purifiers. The coarsest stock 
from each grading sifter passes on to the next grinding. The finest is, of course, 
flour, or a mixture of flour and feed. 

The system of purification in a semolina mill is very elaborate and extensive 
because the main product is finished and its freedom from branny specks is insured 
by the thoroughness and accuracy of the purification it receives. The purifying 
surface as well as the number of machines is, therefore, very large in semolina 
milling. Much of the finished semolina of various sizes goes through three and 
four purifications and repurifications before reaching the sack. 

On the other hand, the reduction system in a mill built for manufacturing 
semolina is, of course, much smaller and less extensive than in a flour mill. The 
primary product is removed and finished by the purification system, and, therefore, 
it is necessary that the reduction system take care of only the tailings coming from 
the different parts of the middlings system. The products of this reduction system 
are the various grades of durum flour which are by-products of semolina milling, 
and the one or more grades of fine feed produced, the bran being the siftings 
removed from the final breaking process. 

The essentials of successful semolina milling are, therefore, thorough cleaning 
and proper conditioning of the grain, light and careful grinding, and thorough 





% Private communication from T. C. Roberts, of General Mills (Inc.). 
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purification with sufficient repurification surface to insure cleanliness of product 
at all times. 

Flow-sheets used by American and European Millers for the mill- 
ing of durum wheat into semolina are occasionally to be found in trade 
or milling journals.2° In general, the wheat is scoured and sometimes 
even washed, before it is milled; but certain Jewish clients occasionally 
demand semolina which has been milled from untempered wheat. 

In the manufacture of semolina and farina every effort is made to 
recover the largest possible percentage of the wheat berry in the form 
of semolina or purified middlings, and with the least possible amount 
of flour. The grits are even transported by band conveyors to prevent 
the production of flour by abrasion. One hundred pounds of a good 
durum wheat should yield from 62 to 63 pounds of semolina, from 
16 to 17 pounds of clear flour, and from 21 to 22 pounds of feeds.” 

In Table V are given data obtained by the Department of Com- 
merce ™ relative to the production and consumption of durum products 
from 1924 to 1932. This table shows that in the United States nearly 
19% of the wheat ground in the manufacture of semolina results in 
flour. This is a much larger percentage of flour than that yielded in 
modern Italian and French semolina mills. In French mills yields of 
60% to 65% of high-grade semolina are not uncommon, with flour 
production as low as 12% to 15%.” With “metadiné” or starchy 
durum the yield of semolina may fall to 30% to 40%. 

There are three well-recognized sizes of semolina in this country, as 
well as several special types. No. 1 is the coarsest, No. 3, the finest. 
In the manufacture of macaroni products, No. 2 is mostly used. 

Semolina is divided into grades. The best grade consists of grits 
of essentially the same size, has a creamy-yellow color, and is prac- 
tically free from flour and bran. As macaroni products tend to break 
at the point where a bran particle is found, it is essential that semolina 
and farina be as free from bran as possible. Long-cut macaroni should 
be made from the best grade of semolina. To make soup pastes, such 
as alphabets, stars, and other fancy short-cut patterns, the use of the 
hest grade of semolina is not so essential. 

Much improvement has been made in recent years in the production 
of a high-grade semolina containing very little flour. The results of a 
special investigation conducted by the Department of Agriculture in 
1920 showed that No. 1 semolina contained 0.58% flour, i.e., this amount 
passed through a 10 XX silk (109 meshes) ; No. 2, 1.91%; and No. 3, 





16 Ager, J. J. A modern Italian semolina mill. Am. Miller, 15: 130-131. (1912.) 

17 Jenkins, E. H. Noodles. Conn. Expt. Sta. Rept. on Food Products 9: 138-141. (1904.) 

18 Foodstuffs round the world. Grain and grain products. U. S. Dept. Commerce. Mar. 9, 
1933. (Mimeographed.) 

19 Skinner, R. P. Manufacture of semolina and macaroni. U.S. Dept. Agr., Bur. Plant Indus. 
Bull. 20. (1902.) 
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TABLE V 


PRODUCTION AND CONSUMPTION OF DuRUM PRODUCTS IN THE UNITED STATES ! 











Durum Semolina Flour Semolina Flour Available for 
wheat pro- pro- ex- ex- consumption 
ground duced? duced? ported ported Semolina Flour 
1000 1000 1000 1000 1000 1000 1000 
1924 bu. bbls. bbls. bbls. bbls. bbls. bbls. 
Jan.—June 5,452 822 342 58 148 764 194 
July—Dec. 6,595 1,062 416 167 231 895 185 
1925 
Jan.—June 4,668 741 319 79 151 662 167 
July—Dec. 7,374 1,136 496 117 201 1,019 295 
1926 
Jan.—June 6,841 1,051 471 63 163 988 308 
July—Dec. 7,010 1,165 415 95 180 1,070 235 
1927 
Jan.—June 5,073 868 259 71 141 797 118 
July—Dec. 7,809 1,280 410 100 105 1,180 305 
1928 
Jan.—June 6,805 1,037 354 43 143 994 211 
July—Dec. 8,014 1,208 493 67 168 1,142 325 
1929 
Jan.—June 7,814 1,146 489 49 114 1,097 375 
July—Dec. 8,016 1,185 536 33 98 1,151 438 
1930 
Jan.—June 6,593 1,081 311 38 59 1,044 253 
July—Dec. 6,975 1,159 290 41 26 1,118 264 
1931 
Jan.—June 6,852 1,144 327 44 13 1,100 304 
July—Dec. 7,346 1,268 296 12 14 1,257 282 
1932 
Jan.—June 5,896 988 233 (3) (3) (4) (4) 
July—Dec. 6,109 1,068 218 (3) (3) (4) (4) 





1 The data given in this table indicate that approximately 440,000,000 pounds of semolina are 
utilized in this country, which if used solely for the manufacture of macaroni would produce approxi- 
mately 415,000,000 pounds. No information is available regarding the quantity of semolina used 
for purposes other than manufacture of. macaroni. Although no statistics are available regarding the 
amount of farina and flour utilized in the manufacture of macaroni, trade practices indicate that a 
large amount of macaroni products is made from farina and/or flour or of mixtures of either one of 
these with semolina. 

2 Amount of semolina and flour produced is not absolutely accurate as two mills do not report it 
separately and their entire production is thrown into semolina produced. 

Only one mill reports any, so figures are withheld. 

*See note regarding exports. 


7.4%. Fully 98% of No. 1 semolina, 82% of No. 2, and 24% of No. 
3 remained on No. 70 XX sieve (68 meshes per inch). 

In 1926 a similar investigation conducted by B. R. Jacobs of the 
National Macaroni Manufacturers’ Association '* showed a marked im- 
provement in the quality of commercial semolina and farina. At that 
time the semolina found on the market had an average flour content of 
0.5% (maximum, 1.2; minimum, 0.1), and the farinas 0.6% (maximum, 
2.2; minimum, 0.0). 

The average moisture content of commercial semolinas and farinas 
for the years 1921-1926 ranged from 12.01% to 13.62% and from 
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12.36% to 13.82%, respectively. In 1927 the new standard of 15% 
for moisture in flour went into effect. At the same time, the average 
moisture content of semolina was 14.04% and of farina 13.92%, which 
was somewhat higher than that customary before the new standard for 
flour was adopted. 

High grade semolina contains among other constituents the follow- 
ing: Moisture, 12%; ash, 0.6% ; protein, 11.5%; lipoids, 1.8% ; lipoid 
phosphoric acid, 0.048% ; water soluble nitrogen 0.22% ; soluble nitrogen 
precipitable by 40% alcohol, 0.047%. 

The composition of farina is essentially the same as that of semolina, 
except for the ash, which in farina approximates 0.45%. 


DEFINITIONS AND STANDARDS 


Macaroni products in the English-speaking world have, until re- 
cently, been termed “alimentary pastes,” a literal translation of the 
Italian “ paste alimentari” and/or of the French “ pates alimentaires.” 
As the name “alimentary paste” is not particularly pleasing, however, 
the macaroni trade has suggested that hereafter the term “ macaroni 
products ” be used in designating these foods. 

According to the definitions and standards adopted by the United 
States Department of Agriculture *— 

MACARONI is the shaped and dried doughs prepared by adding water to one 
or more of the following: semolina, farina, wheat flour. It may contain added 
salt. In the finished product the moisture content does not exceed 13%. Various 
shapes of macaroni are known under distinguishing names, such as spaghetti, 
vermicelli. ; 

SEMOLINA MACARONI is macaroni in the preparation of which semolina 
is the sole farinaceous ingredient. 

FARINA MACARONI is macaroni in the preparation of which farina is the 
sole farinaceous ingredient. 


TYPES 


There are hundreds of kinds of macaroni products, each one differ- 
ing from the other in either size or shape. The smooth tubular forms, 
generally known as macaroni, are more common. There are a number 
of different sizes. For example, Mezzani is one-fourth inch in diameter, 
and is by many regarded as the standard; Zitoni is one-half inch in 
diameter; Mezzanelli is five thirty-seconds inch in diameter; Forati is 
one-eighth inch, Foratini or Maccaroncelli is three thirty-seconds of an 
inch in diameter. 

There are also corrugated tubular products, for example, Mezzani 
Rigati, one-fourth inch in diameter, and Zitoni Rigati, one-half inch 
in diameter. 

The solid-rod forms include vermicelli, one thirty-second inch in 
diameter, and spaghetti, three thirty-seconds inch in diameter. 
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Of the flat ribbons, Tagliarini is one-eighth inch thick, Linguine, 
three thirty-seconds inch, and Fettucelli, five-sixteenths inch thick. 

Short-cut macaroni comprises the smooth tubular elbows, some small, 
such as Tubetti, which is one-eighth inch and five thirty-seconds inch in 
diameter, and others large, such as Ditali, which is one-fourth inch and 
seven-sixteenths inch in diameter; and very large corrugated elbows like 
Rigatoni, which is nine-sixteenths inch in diameter. Other forms are 
bunched or coiled vermicelli, alphabets, seeds, stars, and crosses. 

The Italian names, generally used heretofore are descriptive of the 
products. 

The various types just described are illustrated in Figures 4, 5, and 6. 

At present the tendency of the American manufacturer is to use 
English descriptive names, and to eliminate as many as possible of the 
numerous types and sizes. Trade information indicates that fully 85% 
of the total output of macaroni products is composed of no more than 
a dozen types. 


MANUFACTURE 
Materials 


In the United States, macaroni is made, as a rule, from the best 
grade of semolina or farina. Some of the best macaroni products are 
made entirely from farina, though many of the macaroni manufacturers 
look upon semolina as the raw material par excellence for the production 
of the highest-grade macaroni, spaghetti, and vermicelli. 

Many macaroni manufacturers at a distance from the semolina 
milling centers are obliged to use considerable flour, as the freight rate 
on semolina makes its use prohibitive. Some Pacific Coast manufac- 
turers, for example, use flour of different grades, for example straight 
and/or cut-offs, made from Bluestem wheat, either as such or blended 
with semolina; others use farina or semolina without any admixture 
of flour. 

Some manufacturers use a 95% hard winter flour instead of semolina. 

In general, 100 pounds of flour will make 94 pounds of marketable 
macaroni products; from 1% to 2% of the macaroni is wasted in the 
process of manufacture. There is also a loss of about 4% which is 
largely due to the difference in moisture content of macaroni and the 
raw material. 


Process 


The first step in the manufacture of macaroni is the doughing 
process. For every 100 pounds of semolina or farina some 26 to 30 


pounds of water ranging in temperature from 70° to 140° F. are used. 
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Fig. 4. Types of macaroni. 
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Fig. 5. Types of macaroni. 
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Fig. 6. Types of macaroni and noodles. 
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The quantity of water varies with the kind of product to be made and 
the nature of the raw material, less water being used for vermicelli than 
for macaroni. No other ingredients (except occasionally a small per- 
centage of salt) are used. After being mixed for 10 to 20 minutes, 


J 








(Courtesy of National Macaroni Manufacturers’ Association.) 


Fig. 7. Dough kneading machine—‘ Gramola.” 


at a temperature of about 40° C. (104° F.), the smooth, firm dough 
is transferred to a kneading machine or “ gramola.” 

The modern kneading machine consists of a revolving circular steel 
pan 8 feet in diameter, carrying two revolving, corrugated, conical iron 











a See ee ee 
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workers weighing as much as 31% tons each.”° In operation it is similar 
to a butter worker. 

The dough is kneaded for 10 to 20 minutes to thoroughly incor- 
porate the water with the semolina or farina and to produce a uniform, 
smooth, stiff dough. 

When thoroughly kneaded, the dough may be either transferred 
direct to the press or rolled into sheets, folded into cylinder or cartridge 
form, and then transferred to the press, which is maintained at a tem- 
perature of about 104° F. to keep the dough plastic. 

Presses are either vertical (see Figure 8) or horizontal (Figure 9). 





(Courtesy of National Macaroni Manufacturers’ Association.) 


Fig. 8. Vertical macaroni press in operation. 





” Treuthardt, E. L. P. Flour and associated products. Part XII—Alimentary pastes. Quarter- 
master Corps Subsistence School Bull. 12, Ser. Y, 8 p. 1924. [Mimeographed.] 
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(Courtesy of National Macaroni Manufacturers’ Association.) 


Fig. 9. Macaroni press—horizontal type—showing revolving knife cutting elbow or short-cut macaroni. 


In the vertical press at the bottom of the cylinder is placed a horizontal 
die or perforated plate, called “ trafila.”. The holes in the die for mak- 
ing macaroni vary in size according to the type to be made. Each hole 
has a small steel rod or pin in the center (Figures 10 and 11), which 
forms the hole in the macaroni. While the dough is divided by the 
supports of the pin as it enters the die, the tremendous pressure, from 
2,500 to 5,000 pounds per square inch, reunites it, and it emerges from 
the other end of the perforated plate as a perfect tube. The die used 
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(Courtesy of F. Maldari & Bros., Inc.) 


Fig. 10. Macaroni die—upper side. 


in making spaghetti, or solid rodlike macaroni products, has smaller 
holes without pins. 

In general long-cut macaroni is made in vertical presses, the macaroni 
being cut by hand into 3-foot lengths and bent over wooden rods for 
drying. 

Horizontal presses are more often used in the manufacture of elbows 
and other short-cut macaroni products. A revolving knife cuts the 
macaroni at the outer face of the die, the speed of the knives determining 
the length of the product. (See Figure 9.) 

When making products in the shape of animals, alphabets, seeds, 
stars, etc., dies having these forms are used. The dough is rolled thin 
and then the figures are stamped out just as is done in the manufacture 
of crackers. 
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(Courtesy of National Macaroni Manufacturers’ Association.) 


Fig. 11. Macaroni die or mold (lower side) whence macaroni (tubular form) emerges. 
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DRYING 


The drying of macaroni requires the most expert skill and judgment. 
It is the most important, the most difficult, and the most delicate opera- 
tion in the whole process of the manufacture of macaroni products, 
and upon it largely depends the quality of the finished product. 

In Italy macaroni is often dried in the sunshine, in the open air, 
especially when the product is made in the small plants. (See Figure 
12.) Generally, a preliminary drying of about 2 hours duration is nec- 





Fig. 12. Section of open-air curing department of an Italian macaroni factory. 


essary to prevent souring and to keep the short-cut products from stick- 
ing together. Very soon after the paste emerges from the die or “ tra- 
fila’”’ and while still warm, there is formed a crust upon the surface. 
This superficial drying or hardening is arrested and eliminated by 
placing the product in a closed humid cabinet or room. As a result 
of this treatment the moisture content tends to become equalized 
throughout, and the macaroni becomes flexible again, i.e., it “ comes 
back.” This process of “hardening or drying” and of 


* coming 


back or becoming again flexible” is carried on alternately. The 
paste is then removed from the damp room and allowed to dry 
completely in the open air under Italy’s sunny skies. After the 
macaroni is thoroughly dried in the open air it is transferred 


‘ 


to a closed but well ventilated room where it is allowed to “rest” for 
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several hours, after which it is again placed in the open air for 5 or 6 
hours and once more allowed to “rest.” It is then ready to be packed. 
Open air drying requires, therefore, considerable supervision. It is 
generally believed that during the first day, a sort of fermentation takes 
place which produces the much desired flavor. 

When the weather does not allow the macaroni to be dried in the 
open, the alternate “hardening” and “softening” is conducted in 
specially constructed ventilated cabinets in which the drying is com- 
pleted. The alternate “drying” and “resting” is for the purpose of 
preventing warping, as the outer part of the macaroni dries faster than 
does the inner portion. 

Although out-of-doors drying is now considered unhygienic and 
obsolete as it exposes the product to all kinds of germ-laden dust, it 
should be remembered that no macaroni is eaten raw. It is generally 
boiled for at least 10 minutes. Sound macaroni products that have 
been boiled can no doubt be considered safe in this respect. 

In this country, and in the modern plants of European countries, 
practically all macaroni products are dried in specially constructed drying 
rooms through which a current of filtered air is blown by means of fans. 
The air laden with moisture from the macaroni is thus being continually 
replaced by clean dry air. The temperature of the drying room ranges 
frdm 70° to 100° F. The rate of drying depends, not so much on high 
temperature as it does on air-intake or circulation. In other words, the 
proper drying of macaroni depends upon correct ventilation, the tem- 
perature and hygroscopicity of the air being taken into consideration. 
During the drying, macaroni should not be exposed to sudden changes 
in temperature as this may also cause the product to warp. 

A preliminary drying of about 2 hours duration is considered neces- 
sary to prevent the development of mold. The macaroni is then placed 
in a damp chamber in order to make uniform the moisture content 
throughout the product and to develop the flavor characteristic of good 
macaroni. After this preliminary treatment the macaroni is transferred 
to the drying chambers. 

The long-cut macaroni is hung on sticks or canes and placed in the 
drying chambers. Sometimes the canes laden with macaroni are hung 
on a truck, which is then wheeled into the drying chamber. 

Short-cut macaroni products are spread out evenly on trays. These 
are sometimes placed on trucks, which are wheeled into the drying 
chamber, or a combination of trays may form part of a drying room. 
(See Figures 13 and 14.) 

The drying proper takes from 36 to 90 hours, depending upon the 
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efficiency of the process and the nature of the product. It is not 
advisable to dry macaroni too quickly, as too rapid curing fails to develop 
the desired flavor and produces a product which, because of the uneven 








(Courtesy of National Macaroni Manufacturers’ Association.) 


i Fig. 13. Curing macaroni on sticks in drying room. 


distribution of moisture throughout the mass, may crack or check, or 
split. A well-cured macaroni should bend somewhat like a whip. It 
is this elastic property which causes the macaroni to retain its form 
after being cooked. 
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(Courtesy of National Macaroni Manvfacturers’ Association.) 


Fig. 14. Section of drying room for long-cut macaroni 


PREPARATION FOR MARKETING 


When thoroughly dry, the long-cut macaroni is either packed in 
18-inch strips and sold in bulk or it is sawed into shorter lengths for 
the package trade as illustrated in Figure 15. 

The trimmings or short pieces, obtained in the process of sawing 
macaroni into the desired lengths, and all broken, cracked, or imperfect 
macaroni are sold together in bulk as broken macaroni at a much-reduced 
price, often at a discount of several cents per pound. This is just as 











— 
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(Courtesy of National Macaroni Manufacturers’ Association.) 


Fig. 15. Sawing macaroni into proper lengths for packing. 


nutritious as the long, or specially cut macaroni, and for soup it is just 
as satisfactory as the long pieces. 

A recent product of the canning and macaroni industries is canned 
spaghetti. To be suitable for canning, the spaghetti must first be dried ; 
it can not be canned freshly prepared. Whether sun-dried or cabinet- 
dried spaghetti is preferable for canning is yet an unsolved question. 


SPECIFICATIONS 


The following specifications for macaroni, spaghetti, and vermicelli 
have been suggested by the National Macaroni Manufacturers’ Asso- 
ciation.”* 


TYPE A. Shall be made from sound semolina No. 2, and the ash content of 
the finished product, exclusive of added salt, shall not be more than sixty-five 
hundredths per cent (0.65%). 

TYPE B. Shall be made from sound farina No. 2, and the ash content of 
the finished product, exclusive of added salt, shall not be more than forty-five 
hundredths per cent (0.45%). 

TYPE C. Shall be made from a mixture of sound semolina No. 2 and sound 
farina No. 2, and the ash content, exclusive of added salt, shall not be more than 
fifty-five hundredths per cent (0.55%). 

TYPE D. Shall be made from sound hard wheat flour or sound durum 
wheat flour of a grade not lower than ninety-five per cent (95%) patent, and the 
ash content, exclusive of added salt, shall not be more than fifty-two hundredths 
per cent (0.52%) when a hard wheat flour is used, and shall not be more than 
sixty-five hundredths per cent (0.65%) when durum wheat flour is used. 





21 Private communication. 


29 
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Shall contain not more than 12% moisture, as determined by the vacuum oven 
method or other method which the Association of Official Agricultural Chemists 
may consider as equivalent, and not less than 11% of protein (N X 5.7) calculated 
on 12% moisture basis. 

The Army specifies that macaroni products may be short or long cut 
(no broken pieces accepted) ; made from sound durum semolina and 
contain not less than 10.5% gluten. The moisture content shall not 


20 


exceed 13% and preferably not over 10%. 


Use oF COLorR 


Formerly it was the custom of many macaroni manufacturers to use 
vegetable color or certified coal-tar dyes in the manufacture of maca- 
roni products. This practice, however, has largely been abandoned 
due to the fact that the administration which enforces the Federal Food 
and Drugs Act has taken the position that the addition of yellow color- 
ing to macaroni products commonly results in the concealment of in- 
feriority and is in violation of the law. 

This decision has given an impetus to the milling of durum wheat 
into semolina and hence to the growing of durum wheat by the farmers 
of the Great Plains area. In fact, it has placed the macaroni industry 
upon a higher plane. 


CHARACTERISTICS OF A Goop MACARONI 


The best macaroni is hard, brittle, translucent, and elastic, and has 
a rich amber color. It should be pliable, and the long pieces should be 
capable of being considerably bent. It should break with a clean glassy 
fracture. Macaroni of inferior quality has a dull color, often gray. 
If made from bleached flour it will be white. It will break unevenly 
and with ragged ends. 

If made from semolina or farina, a good macaroni will have a more 
or less rough surface instead of being smooth, and it will have a few 
bran specks. Macaroni made from flour, even durum flour, is gen- 
erally considered inferior to that made from semolina or farina. It is 
brittle but dull in appearance. 

A good macaroni should contain at least 2% nitrogen and 0.5% ash. 
If analysis shows that the macaroni contains less than 1.7% nitrogen 
and less than 0.55% ash it is not a durum or a hard wheat product. If 
the content of ash is more than 0.55%, but at the same time the maca- 
roni gives a grayish residue when treated with an alcohol-ammonia mix- 
ture, the indications are that a clear flour has been used. 

The real test of a macaroni is its behavior on boiling. When boiled 
for 10 minutes, a good macaroni will swell to at least twice its original 
size, will retain its tubular shape and its firmness, will not become pasty, 
and will have an agreeable odor. 

At one time the Italian macaroni producer enjoyed the advantages 
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of superior raw material and a wider experience in manufacture as 
well as a long-established reputation and prestige. Today the semolina 
produced in the United States from American-grown durum wheat is 
equal in quality to that made in European mills from the Russian 
Taganroc, and the macaroni made from the best semolina and farina 
in modern plants in this country is fully equal to the Italian product 
and for the most part is produced under conditions far more sanitary 
than those in the average foreign plant. 


CoMPOSITION 
The composition of macaroni is similar to that of the semolina or 
farina from which it is made. An average composition is: Moisture, 
11%; protein, 11%; fat, 1.2%; ash (salt free), 0.60%; fiber, 0.25% ; 
nitrogen-free extract, 76.45%. The composition of various macaroni 
products is shown in Table VI. 


TABLE VI 


PERCENTAGE COMPOSITION OF VARIOUS MACARONI Propucts ! 

















Macaroni product Water Protein Fat Ash Fiber Starch 
Macaroni pates aux oeufs 8.80 13.90 0.40 0.70 trace 69.20 
Petites pates au gluten 9.00 17.00 1.00 0.80 0.20 61.20 
Vermicelli au gluten 8.00 16.80 0.40 0.80 trace 65.80 
Casoid flakes (macaroni) 9.63 78.50 3.07 7.41 0.22 1.16 
Casoid vermicelli 9.33 80.00 2.73 7.31 0.13 0.50 
Jireh’s diabetic macaroni 8.80 16.90 0.90 1.10 0.90 58.80 
Macaroni 5.50 41.75 4.84 6.48 3.99 4.51 
Noodles (broad)* 5.05 41.31 5.14 6.45 2.61 5.60 
Noodles (fine)4 4.75 41.69 5.13 6.63 2.58 4.66 
Eugéne Loeb’s homemade 
noodles 9.80 41.80 5.50 1.00 0.20 36.70 
Loeb’s gluten noodles (a) 9.25 41.21 1.03 0.69 0.15 33.19 
Do (b) 10.23 37.28 3.59 1.63 0.15 36.84 
Marvelli macaroni 13.40 20.70 0.60 0.50 64.808 
Marvelli spaghetti 15.50 
Gum gluten macaroni 10.30 37.70 1.00 0.70 0.30 46.20 
Spaghetti? 10.6 12.1 0.4 0.6 76.38 
Macaroni? 10.3 13.4 0.9 1.3 74.13 
2.0 4.1 72.08 


Vermicelli? 11.0 10.9 





1 From Conn. Agr. Expt. Sta. Bulli. 286 

2From U. S. Dept. Agr. Off. Expt. Stas. Bull. 28. 
®* Total carbohydrate, including fiber. 

* Kramer’s Surgical Stores. 


Foop VALUE 


Macaroni products made from semolina and farina, which are es- 
sentially free from fiber, are easily digestible, and therefore they are 
often prescribed by physicians for invalids. Farina and semolina are 
frequently looked upon as foods especially fit for children. In fact 
they are among the first starchy foods infants are permitted to eat. 

According to Woods and Snyder ° the coefficient of digestibility of 
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macaroni is: Protein, 86.8; fat, 90.0; carbohydrates, 97.4; fuel value, 
92.1. 

The quantity of protein and of the important mineral constituents 
of macaroni as compared with those of several common foods is shown 
in Table VII. The daily requirements of these food constituents per 
adult male are given as: 3,500 calories; 100 grams protein; 0.70 gram 
calcium; 1.30 grams phosphorus; 15 milligrams iron. 


TABLE VII 


QUANTITY OF PROTEIN AND OF THE PRINCIPAL MINERAL CONSTITUENTS IN VARIOUS 
Foops ! 


Per cent, or grams per 100 grams, of foods? 








Pro- Cal- Mag- Potas- So- Phos- Chlo- Sul- 
tein cium nesium sium dium _ phorus rine fur Iron 


Macaroni 13.4 .022 .037 130 .008 .144 .073 172 .0012 





Potatoes 27 .014 .028 429 .021 .058 .038 .030 .0013 
Bread 9.1 .027 .023 .108 394% §=©,093 607% .105 .0009 
Rice 8.0 .009 .033 .070 .025 .096 .054 117 .0009 
Flour 11.4 .020 .018 115 .060 .092 .074 177 .0010 
Corn-meal 9.2 .018 .084 .213 .039 .190 .146 -111 .0009 
Oatmeal 16.1 .069 .110 344 .062 .392 .069 _ .202 .0038 
Butter 1.1 015 ,.001 .014 7883 §=©.017 1.212% .010 .0002 
Eggs 11.9 .067 011 .140 .143 .180 .106 .195 .0030 
Beef 14.7 .012 .024 .338 .084 .216 .076 .230 .0030 
Hominy 8.3 011 .058 174 .020 .144 .046 .136 .0009 
Milk 3.3 .120 .012 .143 .051 .093 .106 .034 .0002 
Cheese: 28.8 .931 .037 .089 .606% .683 880° 263 .0013 





1Sherman’s Chemistry of Food and Nutrition, 3rd Edition. 

2100 gms. = 0.22 Ib. 

® Largely NaCl, added in process of manufacture. 

The amount of food ingredients obtainable for $1 in different foods 
varies considerably. The amount obtainable in macaroni for $1 as com- 
pared with that obtainable in several common foods for the same price 
may be seen from Table VIII. 


EFFECT OF STORAGE 


When properly prepared and dried, macaroni products contain as 
a rule less than 13% moisture and often as little as 9 %. They will 
keep for a long period without deteriorating, if stored under good con- 
ditions, that is, in a cool dry place. 

If macaroni becomes musty on long storage it is either because the 
product itself contains too much moisture or because of bad storage 
conditions, for example, a warm, damp storehouse. Infrequently maca- 
roni becomes infested with weevils, but insects do not as a rule gain 
access to it when it is well prepared and well packed. 


Macaroni from Materials Other than Wheat 


Although macaroni products as defined by the joint committee on 
definitions and standards** must be made from semolina, farina, or 
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TABLE VIII 


QUANTITY OF Foop CONSTITUENTS OBTAINABLE FOR $1 By BuyING VARIOUS Foops 
IN May, 1931, 1n WASHINGTON, D. C 

















Percentage 
composition Quantity obtainable for $1 
Cost Calories 
per Carbo- Pro- per Carbo-  Pro- Cal- 
pound hydrates teins Fat pound hydrates teins Fat ories 
Cents Pounds Pounds Pounds 
Macaroni 10.0 74.1 13.4 1.0 1,645 7.4 1.3 0.1 16,450 
Potatoes 3.5 14.7 1.8 0.1 300 4.2 0.5 0.3 8,571 
Bread 6.0 53.1 9.2 1.3 1,215 8.8 1.6 0.2 20,170 
Rice 6.0 79.0 8.0 0.3 1,620 13.2 1.3 0.05 26,892 
Flour 3.0 75.1 11.4 1.0 1,635 25.0 3.8 0.3 54,500 
Sugar 5.0 100.0 _ —_ 1,860 20.0 _ —_ 37,200 
Corn-meal 5.0 75.4 9.2 1.9 1,635 15.1 1.8 0.4 32,700 
Rolled oats 6.0 66.2 16.7 7.3 1,800 11.0 2.8 1.2 29,880 
Butter 31.0 — 1.0 85.0 3,480 —_ 0.03 2.7 11,240 
Lard 11.0 —_ —_ 100.0 4,220 — — 9.0 37,980 
Eggs 23.0 — 13.1 9.3 635 — 0.6 0.4 2,762 
Halibut 30.0 —_— 15.3 4.4 475 — 0.5 0.1 1,583 
Round steak 25.0 — 19.0 12.8 890 —— 0.8 0.5 3,560 





flour; macaroni-like products, especially products similar to spaghetti 
and vermicelli, are made from materials other than wheat, for example, 
rice, corn, and certain varieties of beans. 

The Chinese make vermicelli or “ flour strings” from wheat flour, 
mung bean, and rice. The rice is often mixed with sweet potato or 
kaoliang. 

In portions of Shantung a small green bean, rich in starch, is boiled 
in order to remove the skin, after which the bean is ground, cooked in 
cloth bags, and dried in the sun. It is then ground into flour, mixed 
with water, and beaten to a gelatinous mass. This is placed in boiling 
water, ground bone-meal is added, and the mixture is kneeded into a 
dough. The dough is forced through a colander into boiling water, 
and the strings thus formed are placed upon frames, given a further 
stretching, and sundried. Sometimes these strings attain a length of 
15 to 25 feet (Figure 16). 

Spaghetti and vermicelli are made from corn by the Mexican In- 
dians.** A special corn flour is made by boiling the whole maize kernel 
in milk of lime for about 20 to 30 minutes. The excess of lime is 
washed away, the corn is then ground in a meat grinder, dried, and 
reground into flour. The corn flour thus obtained is subjected to heat 
at 15 pounds pressure for 15 to 20 minutes, by which process flour is 
thoroughly gelatinized. The flour is then forced through spaghetti dies. 

One kind of macaroni claimed to be especially suitable for certain 
special dietary purposes is gluten macaroni. In making this at least 
25% to 30% of wet gluten is mixed with the semolina to increase the 
protein content of the product. Issoglio ** gives the protein content of 
a gluten macaroni (macaroni au gluten (Fr.) pasta glutinata (It.) at 
25%, as compared with 10.5% to 14.6% for the ordinary product. 





22 Private communication. 
* Issoglio, G. La Chimica Deglia Alimenti. 2 v. Torino. 1927. 
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(Courtesy U. S. Bureau of Foreign and Domestic Commerce.) 


Fig. 16. Chinese vermicelli drying in the sun 


Gluten macaroni, according to this author, contains 0.45% ash, 12.8% 
moisture, 0.38% fat, and 0.45% fiber. Glutinous macaroni differs 
from gluten macaroni in that the latter must contain an appreciable 
amount of added gluten, or may be made from gluten flour, whereas 
the former is made from a semolina or farina containing more than 
the average percentage of gluten. 

The method of making the common types of macaroni products has 
been in vogue for a great many years, but occasionally a method which 
is new in principle or more often one which employs new or novel in- 
gredients is invented. Macaroni products are being made with mix- 
tures of flour or semolina and (a) dry powdered milk; (b) eggs, milk, 
cheese, dry extract of beef, and various spices; (c) green vegetables ; 
(d) whole wheat flour; (e) soybean flour, etc. These novel products, 
however, are found on the market to only a limited extent. 


Noodles 


History 

Noodles are a dried macaroni product prepared from flour, semo- 
lina, or farina and containing at least 5.5% (on a moisture-free basis) 
of whole egg or egg yolk solids. 

Formerly all noodles were imported from Germany where it is be- 
lieved they were first made, but now noodles are being manufactured 
on a large scale by most macaroni manufacturers, and the domestic 
supply is sufficient to meet every demand. 
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PRODUCTION 


According to the Bureau of the Census, the production of noodles 
in 1931 amounted to 52,895,000 pounds valued at $6,925,000. This is 
a decrease of nearly 6% in amount and of 15% in value under the pro- 
duction in 1929, 

The production of noodles is increasing more rapidly than is that 
of the ordinary macaroni products. In 1931, the amount of noodles 
manufactured was over 10% of that of the ordinary macaroni products, 
whereas in 1925, it was only 7%. The chief noodle manufacturing 
centers and the amount produced in 1927 (in 1,000 pounds) according 
to the Census Reports were as follows: New York, 9,185; Illinois, 
5,705; California, 1,772; Pennsylvania, 1,422; Minnesota, 696; Mis- 
souri, 520. The total production was 31,085,000 pounds. 


CONSUMPTION 


The consumption of commercial noodles is considerably less than 
that of macaroni and spaghetti. A survey sponsored by the Macaroni 
Manufacturers’ Association showed that less than one-third of the house- 
wives questioned served noodles as often as once a week. Fully one- 
half of the housewives who served noodles still made them in their 
homes. The actual consumption of noodles, therefore, may be not 
much less per capita than that of either macaroni or spaghetti. 


DEFINITIONS AND STANDARDS 


Noodles differ from ordinary macaroni products in that they are 
generally made from flour, and, of course, in that egg is an essential 
ingredient. 

The following definitions and standards for noodles have been 
adopted by the United States Department of Agriculture : ** 

NOODLES, EGG NOODLES, are the shaped and dried doughs prepared 
from wheat flour and eggs, with or without water, and with or without salt. The 
egg ingredient may be whole egg and/or egg yolk. In the finished product the 
moisture content does not exceed 13%; and the egg content, upon the moisture- 
free basis, is not less than 5.5% by weight of egg, calculated as whole egg solids. 
Noodles are commonly ribbon-shaped. 

PLAIN NOODLES are the shaped and dried doughs prepared from wheat 


flour and water, with or without salt. In the finished product the moisture con- 
tent does not exceed 13%. Plain noodles are commonly ribbon-shaped. 


In general the form of noodles differs from that of ordinary maca- 
roni products. They are usually strap-shaped bands from one-thirty- 
second to one-half inch wide, or of a novel or fantastic shape, for 
example, alphabets, seeds, stars, bows, and sea shells. 

Noodles containing less than 5.5% of egg solids on the water-free 
basis, or its equivalent in egg yolk (dried, fresh, or frozen), are not 
entitled to be called noodles without qualification. 





MACARONI PRODUCTS 


MANUFACTURE 


Materials 


The best noodles are made from hard-wheat flour, though not 
necessarily durum flour. Dried whole egg or dried egg yolk, and in 
some cases canned eggs or even fresh eggs, are used in an amount that 
will comply with the Federal standard of not less than 5.5% whole egg 
solids (on dry basis). 

Based upon the assumption that the egg material is of normal 
composition noodles will generally contain the proper amount of egg 
solids, if the following amounts of eggs or yolk are used with every 
sack (98) pounds of flour: Commercial liquid whole egg, 19 pounds 
8.4 ounces ; commercial liquid yolk, 13 pounds 11.5 ounces ; commercial 
dried whole egg, 5 pound 7.4 ounces; commercial dried yolk, 5 pounds 
5.5 ounces. With a sack of 140 pounds of flour the following amounts 
of eggs or egg products should be used: Commercial liquid whole egg, 
27 pounds 14.2 ounces; commercial liquid yolk, 17 pounds 9.6 ounces ; 
commercial dried whole egg, 7 pounds 12.8 ounces; commercial dried 
egg yolk, 7 pounds 10.1 ounces. 

According to the Macaroni Journal ** for April 15, 1929, the manu- 
facturer should use with each 95 pounds of flour either 5 pounds dried 
egg yolk, or 20 pounds whole egg, or 121% pounds fresh yolk. 

A formula for calculating the percentage of egg solids in noodles is 
given in the Book of Methods of the Association of Official Agricultural 
Chemists.?® 

Recently the use of lecithin instead of egg has been advocated in 
making noodles. Although lecithin is a constituent of egg yolk, its 
use in place of egg yolk in the manufacture of noodles is not approved 
by the trade. According to Birkel ** lecithin is used in noodles chiefly 
for the purpose of deception. 


PROCESS 


In the manufacture of noodles the dough, consisting of flour, eggs, 
and water, is mixed and kneaded in machines similar to those used in 
making macaroni. It is then passed between heavy rolls, which grad- 
ually reduce it to a broad ribbon or belt of about one-half inch thick 
and from 12 to 18 feet long. Next, it is further reduced to a thickness 
of one-eighth inch or less, after which it is cut into thin strips by a 
special shredding machine. The strips are folded and dropped on 
trays in an even layer and dried, usually for 24 to 48 hours. After the 
dough has been pressed sufficiently thin and uniform, and before it is 





*% Anonymous. Ratio of eggs to flour. Macaroni J. Apr. 15, 1929. P. 26. 

%5 Association of Official Agricultural Chemists Official and Tentative Methods of Analysis. Sec- 
ond edition. 1925. P. 234. A. O. A. C., Washington, D. C. 

* Birkel, C. The use of lecithin in eggs. Deut. Nahrmtl. Radsch. 122: 23. (1930.) (Original 
not seen.) 
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dried, it may be cut in fantastic shapes by the use of special dies. Cer- 
tain forms are prepared by means of a stamping machine just as crackers 
are made. 


ARMY RECIPE 


The method that the Arnmiy uses in making homemade noodles is 
as follows: ** 


To each pound of flour add 4% ounce of salt; mix with milk and water until 
the dough is stiff. If practical, add two eggs to each pound of flour used. Roll 
the dough out until it is about % inch thick, sprinkle a little flour over it and roll 
it up. Cut slices from the end of the roll % inch to 4% inch thick and spread on a 
board or cloth in the sun to dry. Noodles thus prepared will keep indefinitely. 


Use oF COoLor 


In the past noodles were often made without eggs and colored to 
simulate eggs. Noodles bought and analyzed by the Connecticut Agri- 
cultural Experiment Station in 1904 had an average fat content of 
0.83%, showing that little or no egg was used in their manufacture.** 

Vegetable dyes, for example saffron, annato, and turmeric, were 
formerly used for coloring noodles, but as coal-tar dyes are cheaper the 
latter gradually superseded the vegetable dyes. As a rule the coal-tar 
dyes naphthol yellow S., Orange I, and Tartrazine were used for this 
purpose, the proportion being as little as approximately 1 part in 100,000. 
In Cuba, Mexico, and other parts of Latin America, where a highly- 
colored product is popular, as much as 1 part of dye to 3,500 parts of 
flour is sometimes added. 

Under the Federal Food and Drugs Act noodles which contain less 
than 5.5% of egg solids on the dry basis, or to which artificial color has 
been added to simulate egg color, are considered adulterated. Such 
noodles are not permitted to be shipped from one State to another or 
to be offered for sale in the possessions or Territories of the United 
States or in the District of Columbia. 


CoM POSITION 


The average composition of specially prepared noodles containing 
5% whole egg solids was found by Buchanan** to be as follows: 
Moisture, 7.60% to 8.90% ; lipoids, 3.84% to 5.03% ; lipoid phosphoric 
acid, 0.104% to 0.120%; nitrogen, 2.32% to 2.41%; water-soluble 
nitrogen, 0.403% to 0.504%; water-soluble nitrogen precipitable by 
40% alcohol, 0.160% to 0.221%; egg solids (calculated) 5.2% to 
6.6%. The composition of macaroni and noodles and of the ingredients 
used in their manufacture is shown in Table IX. 





™ Deitrick, L. L., Holbrook, L. R., Wheeler, E. S., and Smith, W. H. Manual for army cooks. 
(1916.) Washington, D. C. 

* Buchanan, Ruth. Analyses of noodles of known composition. J. Assoc. Official Agr. Chem. 
7: 407. 1923--24. 
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The majority of the investigations on the subject of the technical 
qualities of sprouted grain is limited to a study of the biochemical state 
of the flour, on the one hand, and the characteristic appearance of the 
bread made from such flour, on the other. Kent-Jones (1927), Sher- 
wood and Bailey (1926), and Proskooriakov (1933) have all made 
such contributions to the literature on these points. Whereas it is quite 
clear that the poor qualities of bread from sprouted grain must depend 
upon the characteristics of the flour, and that a general knowledge of 
the relationship exisiting between the former and the latter will permit 
one to draw certain conclusions regarding the part played by the different 
chemical characteristics of the flour in determining its baking qualities, 
the necessary link in establishing this relationship is a study of the dy- 
namics of the changes that take place in the flour in the process of dough 
making. The activity of micro-organisms as well as sharp temperature 
variations during the process of baking might serve as factors for the 
suppression or intensification of biochemical action, especially the en- 
zymic qualities of the flour. Thus these factors must be taken into 
consideration to correctly estimate the role of each flour quality factor 
separately in making up the total capacity for the production of high 
quality bread. 

On the basis of these assumptions, the investigation of a number of 
samples of flour milled from wheat of different stages of germination 
has been undertaken. The direct object of this investigation has been 
the establishment of the difference in the behavior of flour from sprouted 
wheat and that of normal flour during the fermentation of the dough 
and in baking, and to find the cause of the characteristically defective 
appearance of the baked loaf. 


Fermentation Rates in Doughs 


In this series of experiments four samples of 85% straight grade 
flour milled from wheat which had been germinated in a malt house 
for various periods of time up to 72 hours were investigated. 
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Metuops Usep 


Measurement of fermentation rate: Four straight doughs were made 
simultaneously out of 40 cc. of water and 65 to 70 gms. of flour. In 
all cases, with the exception of one, the amount of yeast added was 
equal to 1.2% to 1.4% of the weight of the flour, i.e., approximately the 
maximum quantity of yeast used under our conditions in commercial 
straight doughs. The dough obtained was weighed and an aliquot 
of 90 gms. taken from it, corresponding to 50 gms. of flour, dry matter 
basis. The remainder of the dough was used for determining its sugar 
content before fermentation started. The 90-gm. portion of the dough 
was put into a volumetric cylinder which in turn was placed in a water 
bath at 30° C. After remaining in the thermostat for 20 minutes the 
dough was sufficiently warm to permit the beginning of determinations 
for the amounts of carbon dioxide evolved. These determinations were 
made every 15 minutes, for 4 or 5 hours, by noting the change in the 
volume of the liquid in a gas burette which was connected with the 
cylinder containing the dough. At the completion of the experiment, 
a sample of the dough was taken for the determination of sugar content 
and the remainder was baked into a round loaf. 

Determination of carbohydrates: A weighed sample of 5 to 10 gms. 
of dough was crumbled in a dish of water, as it is done in the washing 
out of gluten. The starch and soluble substances washed out by the 
water were poured into a volumetric flask. The procedure was repeated 
several times after which there remained an almost pure gluten which 
was also added to the liquid. With a small sample of dough the process 
does not require more than 10 minutes. The protein in the extract was 
precipitatel by the means of hydroxide of zinc. The flask was then 
filled up to the mark. Determinations for reducing sugars were made 
by the usual Bertran method. The values obtained were calculated 
conditionally to maltose* and to the dry weight of dough. For the 
determination of sugar in bread, an aliquot of the latter was rubbed 
with water, transferred to a volumetric flask and extracted for 1 hour. 
In this case it was necessary to use a longer extraction period than in 
the caseg@f the dough. Computations were again made to maltose. 

The results of the first series of experiments on dough fermentation 
with 1.5% of yeast are shown in Table I. Each figure in this table is 
the average of 4 (samples 1 and 4) or 3 experiments. 

From the above figures it is quite clear that notwithstanding a very 
considerable variation in the diastatic activity of the flour samples their 
rate of fermentation was practically the same. 





1The real reducing sugar content should lie beiween the figures calculated to maltose, as 
maximum, and same divided by two, as minimum. 








BIOCHEMICAL CHARACTERISTICS 


TABLE I 
PRODUCTION OF CO, DurRING 4 Hours OF FERMENTATION FROM DouGHs REPRESENT- 
. ING 50 Gas. oF FLour, Dry MATTER Basis 








Sample number 











1. 2. 3. 4. 
Diastatic Diastatic Diastatic Diastatic 
Fermentation activity activity activity activity 
time in hours = 202.6! = 326.6 = 573.7 = 537.0 

Cc. CO. from 50 gms. of flour 

1 78 72 76 74 

2 99 102 109 101 

3 143 143 153 140 

4 175 176 179 165 

Total for 4 hrs. 495 493 517 480 





1 Diastatic activity in terms of Rumsey units. 


The determinations for the reducing sugar content of these doughs 
serve as further data for characterizing the samples studied. In Table 
II are recorded the sugar content of the doughs before fermentation 


TABLE II 


AMOUNT OF MALTOSE PER 100 Gas. oF Dry MATTER OF DOUGH AND BREAD 








Sample number 








Treatment 1 2 3 + 
(Average of two experiments) 
P. ct. P. ct. FP. at. P. ct. 
1 (Dough at beginning 
of fermentation) 2.425 2.742 4.780 5.643 
2 (Dough at end of 
fermentation) 1.140 1.242 3.980 5.100 
Difference between 
1 and 2 — 1.285 — 1.500 — 0.800 —0.543 
3 (Bread) 2.000 4.165 7.465 11.350 
Difference between 
3 and 2 +0.860 + 2.923 +3.485 +6.250 
Crust color Pale yellow More brownish Brown Dark brown 
» 





started and at the end. The dough from sample No. 1 contained con- 
siderably less sugar than did the doughs from samples No. 3 and 4. 
These differences become more apparent when instead of 1.5% of 
yeast, four times as much is used (see Table III). 
From these data it is apparent that the potential possibility for gas 
production is considerably greater in sample No. 4 than in sample No. 1, 
but it does not always manifest itself fully. 
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TABLE III 
PRODUCTION OF CO, In DouGH FERMENTED WITH DIFFERENT AMOUNTS OF YEAST 
Sample No. 1 Sample No. 4 
Fermentation 
time in hours 1.5% yeast 6% yeast 1.5% yeast 6% yeast 
Ce. Ce. Ce. cc 
1 94 260 95 282 
2 110 238 118 334 
3 154 88 154 305 
4 188 59 195 167 
5 112 42 205 141 
Total 658 687 767 1229 
Sugar content at end 
of fermentation } 
period About 0.3% of dry weight 2% 1% 
Co,| Phoductioh By | oqugh 
4S 
40 La 
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VA —\ 2 ” 
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-—4 4 ” 
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3 nas 733 750 163 1860 195 290 222 24 








Time én minutes 


Fic. 1. Production of CO, per 50 gms. of flour; measured every 15 minutes during 4 hours of 
fermentation. 


Biochemical Characteristics of Dough and Bread 


The previous experiments have already demonstrated some of the 
characteristic properties of bread from sprouted wheat. The reducing 
sugar content amounted to 11% of its dry matter—a tremendous figure 
in comparison with that of bread baked from normal wheat flour. Com- 
paring these data with the greatly increased diastatic activity, it was 
natural to suppose that the inferior technical properties of flour from 
sprouted wheat are really due to the disintegration of the carbohydrates 
taking place in the process of bread making. In order to verify this 
supposition a thorough investigation was undertaken of two samples of 
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80% flour obtained from the same grain which had undergone (1) a 
short temper (sample No. 5), and (2) the same grain germinated to a 
state giving a sprout as long as the grain itself (sample No. 6). 


TABLE IV 
CHEMICAL COMPOSITION OF FLouRS No. 5 AND 6 











Chemical characteristics Flour No. 5 Flour No. 6 
Ash (Per cent dry weight) 0.88 1.08 
Wet gluten (Per cent) 37.00 39.00 
Dry gluten (Per cent) 13.90 13.50 
Diastatic activity (Rumsey units) 286.00 652.00 © 
Original sugars (Milligrams of maltose 
per 10 gms. dry weight) 35.00 66.00 





As regards gluten, the differences noted were rather of a qualitative 
nature, i.e., great extensibility in flour of sample No. 6. The nature 
of the bread baked from flour No. 6 (sponge dough with 0.5% yeast) 
departed considerably from normal. It possessed the typical character- 
istics of bread from sprouted wheat so well known to bakers, i.e., very 
sticky to the touch, an inelastic crumb sticking under the lightest pres- 
sure, giving the impression of being badly baked through, and containing 
much moisture. Flour No. 5 produced a loaf of good quality with a 
dry and elastic crumb. 

For determining the changes in the contents of soluble carbohydrates, 
10-gm. samples of each were taken from the dough when ready for 
oven, and from the bread. They were treated as described above. In 
this series of tests, the mixture of starch and gluten was allowed to stand 
for 1 hour at a low temperature (not exceeding 10° C.) to permit a 
better extraction of the soluble substances. 

At the end of the extraction period the liquid was filtered and from 
the clear filtrate 3 samples were taken: (1) 50 cc. for determining the 
total amount of water-soluble substances. For this purpose the liquid 
was evaporated in a previously weighed dish and the residue was dried 
to constant weight. (2) 5 cc. for the determination of reducing sugars. : 
Preliminary to this determination the protein was separated from the 
mixture by precipitation with zinc hydroxide. Computations were made 
conditionally to maltose. (3) 10 cc. was taken for determining soluble 
nitrogen substances. Tests for nitrogen were made according to the 
Kjeldahl method, modified for the small amount of nitrogen (about 1 to 
2 mgs.). The acidified liquid was evaporated in a micro-Kjeldahl flask, 
oxidized with 2 cc. of concentrated sulphuric acid and the ammonia dis- 
tilled off into N/50 to N/100 acid by means of steam in a Bang ap- 
paratus. Titration of the remaining acid was done iodometrically with 





hyposulphite after adding an excess of iodine and iodate potassium. 
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Soluble ash elements were not taken into consideration as it was thought 
that the addition of common salt to the dough equalized the slight differ- 
ence between the two samples of flour that were being studied. 

A summary of the content of water-soluble substances in the crumb 
of normal and defective bread is given in Table V. For a better 
understanding of the data, moisture figures are also given. 


TABLE 


V 


DIASTATIC ACTIVITY OF FLOUR, QUALITY OF BREAD, AND CONTENT OF WATER- 
SOLUBLE EXTRACT 








Sample No. 5 





Diastatic activity = 286 
Bread, normal; crumb, dry, elastic 





Water-soluble 
substances 


Sample No. 6 





Diastatic activity = 652 
Crumb, sticky, damp, inelastic 
Water-soluble 
substances 























Experiment (Per cent of Experiment (Per cent of 
number Moisture’ dry weight) number Moisture’ dry weight) 
P..c. P. @. 

1 46.2 23.30 1 44.8 51.70 

2 44.8 19.65 2 44.0 47.50 

3 45.6 22.30 3 42.4 44.20 

4 46.2 10.60 + 47.4 49.30 

5 45.0 21.80 5 46.8 49.70 

6 44.9 13.70 6 44.6 46.00 

7 44.5 16.80 7 44.8 43.00 

8 46.4 12.74 8 45.2 40.34 
Average 45.5 17.61 45.0 46.47 





The first conclusion which must be drawn from the above figures is 
that the cause of stickiness and apparent dampness of the crumb of 
bread from sprouted wheat flour is not its excessive moisture content, as 
might appear at first sight, as the moisture content of the bread from 
normal and sprouted wheat flour is about the same. However, in order 
to determine the value of the water-soluble extract of the sprouted wheat 
flour bread, a further analysis was made, and the data are shown in 
Table VI. An analysis of the water-soluble extract from normal bread 
is given for comparison. The results are the average of four parallel 
experiments. 

The above figures indicate that the fundamental difference, between 
bread baked from sprouted wheat flour as compared with normal flour, 
consists of a sharp increase of water-soluble substances in the former, 
namely, reducing sugars and dextrins, with a predominance of the latter. 
In the process of bread making, the starch undergoes hydrolysis owing 
to the action of diastatic ferments, which are incomparably more active 
in sprouted wheat than in normal. The direct cause of the defectiveness 
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TABLE VI 


CHEMICAL COMPOSITION OF THE WATER-SOLUBLE FRACTION OF BREAD, AS PER CENT 
OF Dry WEIGHT 











Experiment number 1 2 3 4 Average 
Flour No. 5 
Water-soluble substances 22.30 21.80 13.70 16.80 18.65 
Consisting of: 
Protein (N X 6.25) 1.83 1.23 1.63 1.00 1.42 
Maltose 4.11 3.87 3.91 2.35 3.56 
Other non-nitrogenous substances 16.36 16.70 8.16 13.45 13.67 
Flour No. 6 
Water-soluble substances 44.20 49.70 46.00 43.00 45.70 
Consisting of: 
Protein (N X 6.25) 2.08 1.93 2.00 1.23 1.81 
Maltose 18.14 9.40 9.58 5.63 8.14 


Other non-nitrogenous substances 23.98 38.37 34.42 36.14 35.75 





of the crumb is an excessive splitting of the starch; the amount of the 
latter decreases so much that there is not enough left for holding to- 
gether all the water present in the dough by gelatination in the baking 
process; and the crumb appears wet and sticky not because there 1s too 
much water in it, but because this water is not held together sufficiently 
by the gel of the starch and forms, with the sugars and dextrins, a sticky 
mass. The lack of elasticity in the crumb is also explainable; it is due 
to the destruction of the solid gel of the starch which, together with the 
gluten, forms the skeleton of the baked loaf. 

It was next decided to find out whether the accumulation of water- 
soluble substances goes on as a regular thing during the process of bread 
production, and whether impetus is given to the splitting of starch in the 
baking process. A number of tests were carried out for this purpose, 
the results of which are given in Table VII. It is evident, from these 
data, that the baking process stimulates the splitting of starch in doughs 
from sprouted wheat to a greater degree than in normal doughs. 

















TABLE VII 
WATER-SOLUBLE SUBSTANCES IN DOUGH AND BREAD AS PER CENT OF Dry WEIGHT 
Flour No. 5 Flour No. 6 
Experiment 
number Dough Bread Dough Bread 
1 a _ 21.26 46.00 
2 9.81 16.80 17.00 43.00 
3 7.70 12.74 12.59 40.34 
4 9.31 11.60 15.10 32.55 
5 8.43 10.55 16.00 34.07 
6 10.20 14.20 15.00 51.42 


Average 9.10 13.18 16.16 41.23 
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With regard to the chemical composition of the water-soluble frac- 
tion of the respective doughs, the results obtained are given in Table 
VIII. From these data it is apparent that baking tends to decrease the 


TABLE VIII 


CHEMICAL COMPOSITION OF THE WATER-SOLUBLE FRACTION OF THE DouGH Im- 
MEDIATELY BEFORE GOING TO THE OVEN AND OF THE BREAD, AS PER CENT 
oF Dry WEIGHT 

















Experiment No. 1 Experiment No. 2 
Dough Bread Dough __— Bread 
Flour No.5 
Water-soluble substances 9.81 16.80 7.70 12.74 
Consisting of: 
Protein (N X 6.25) 1.94 1.00 1.84 1.26 
Maltose _- 2.40 2.14 2.81 
Other non-nitrogenous substances 7.87 13.40 3.72 8.67 
Flour No. 6 
Water-soluble substances 21.26 46.00 18.00 43.00 
Consisting of: 
Protein (N X 6.25) 2.25 2.00 2.27 1.23 
Maltose 6.90 9.40 7.00 5.63 
Other non-nitrogenous substances 12.11 34.60 8.73 36.14 





solubility of the protein, but not to such an extent, however, as might be 
expected from the data of Neumann (1929). At the same time, baking 
increases the total amount of water-soluble substances, principally at the 
expense of the intermediate products of starch hydrolysis. 


Improving the Quality of Bread from Sprouted Wheat 


After having obtained sufficient information concerning the processes 
responsible for the defectiveness of the crumb in bread baked from 
sprouted wheat flour, the problem of means for improving the quality 
of such flour arises. From the data just presented, the conclusion can 
be drawn that if it were possible to inhibit the hydrolysis of the starch 
during the baking process, the bread obtained would be normal. 

The extremely interesting data of Olsen and Fine (1924) served as 
a basis for these experiments. These authors have shown that optimum 
conditions for the activity of barley diastase, when acting upon wheat 
starch at increased temperatures, tends in the alkaline direction. The 
acidity of the medium at which the action of diastase in disintegrating 
starch is greatest at conditions of low temperatures (30° to 32° C.), i.e., 
pH = 4.5, entirely paralyses the action of the enzymes if the tempera- 
ture is raised to 70° C. This refers, to the same extent, to both the 
power of saccharifying and liquefying of the starch. 

30 
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The greatest splitting of starch in flour from sprouted wheat takes 
place at the rise of the temperature during baking, consequently, by 
acidifying the dough at that moment it may be expected that this process 
would be inhibited, provided, of course, that the conclusions of Olsen 


and Fine are correct. 

In our first experiments, acidification of the dough was produced by 
the addition, during mixing, of a solution of hydrochloric acid instead of 
water (N/20, then N/10). Dough made in this way, even with N/10 
HCl, ferments in a natural way (yeast is added after the greatest portion 
of the acid is bound with the protein of the dough) and is capable of 
producing a normal loaf, slightly more sour in taste (Kozmin, N., 
1931). The most markedly favorable effect of increasing the acidity 
of the dough from sprouted wheat really appeared when N/10 HCl was 
used as the liquid for mixing the dough. The crumb of the bread be- 
came quite normal, dry and elastic. The content of water-soluble sub- 
stances fell off sharply approaching those characteristics of the control 
loaf. This can be seen from Table IX. 




















TABLE IX 
WATER-SOLUBLE SUBSTANCES IN DOUGH AND BREAD, AS PER CENT OF Dry WEIGHT 
Flour No. 5 Flour No. 6 Flour No. 6 
Normal dough Normal dough Experi- Acidified dough 
ment 
Dough Bread Dough Bread number Dough Bread Treatment 
9.81 16.18 18.00 43.00 10 16.53 17.20 N/10 HCl 
7.70 12.74 12.59 40.34 11 14.42 15.20 N/10 HCI 
10.20 14.20 15.00 51.42 12 16.34 16.00 Acidified by 
long fer- 
mentation 
9.23 14.37 15.20 44.92 15.76 16.13 Average 





It is interesting to note, that in the acidified doughs made from 
sprouted wheat flour, that the content of water-soluble substances in- 
creased during baking to a very slight degree, by which phenomena it 
differs not only from the control of the same flour mixed with water, 
but also from the normal in which this fraction increases by 25% or 
more. 

The second method for raising the acidity of the dough consisted of 
a long sponge fermentation period (18 hours). The effect obtained was 
perfectly similar to that of the first method—a full resistance of the 
starch during baking was attained. Determination of acidity in these 
experiments has shown that in both cases of acidifying with N/10 HCl 
or by lengthening the fermentation period—practically the same pH 
value was attained in the dough before it was placed in the oven. Data 
given in Table X. 
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TABLE X 


AcIDITY OF DOUGH AND BREAD 














Titrable acidity 
Cc. N/10 HCl Active acidity 
per 10 gms. (pH) 
Flour Mixing method Dough Bread Dough 
2 Normal with H.O 3.40 2.40 — 
5 Normal with H,O 4.36 3.90 5.65 
3 With N/10 HCl 5.80 4.85 4.40 
5 With H,O but with long fermentation 9.70 6.80 4.35 





In both cases, a favorable effect upon the quality of the bread was 
attained by an increase of active acidity, and, independent of the fact by 
which method such acidification was produced. The last circumstance 
is most important for the purpose of establishing definitely whether we 
have direct destruction of the enzyme by adding a strong acid or whether 
the activity of diastase is really only inhibited at the moment the tem- 
perature is raised during baking, as can be expected from the data of 
Olsen and Fine (1924). 

An analysis of the water extract of acidified dough and bread showed 
quite a considerable increase in the content of soluble proteins, especially 
in comparison with the ordinary dough prepared from the same flour. 
In the baking of the acidified dough, there is a small increase in the con- 
tent of maltose and dextrine as can be seen from the data given for ex- 
periment No. 2 in Table XI. 


TABLE XI 


COMPOSITION OF THE WATER-SOLUBLE FRACTION OF ACIDIFIED DOUGH AND BREAD, 
AS PER CENT OF DRY WEIGHT 




















Flour No. 6 

Experiment No. 1 Experiment No. 2 

Dough Bread Dough Bread 

Water-soluble substances 16.53 17.20 14.42 15.20 
Consisting of: 

Protein (N X 6.25) 3.23 3.11 3.05 2.20 

Maltose — — 3.41 3.80 

Other non-nitrogenous substances 13.30 14.09 7.96 9.20 





Acidifying dough by mixing it with an acid solution weaker than 
N/10 gave less positive effects upon the quality of the bread, but still 
noticeably reduced the amount of water-soluble substances. Thus, the 
action of diastase became gradually suppressed as the acid content in- 
creased. The figures given in Table XII illustrate this point. 
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TABLE XII 


WATER-SOLUBLE SUBSTANCES IN BREAD FROM DouGH ACIDIFIED BY DIFFERENT 
CONCENTRATIONS OF HYDROCHLORIC ACID 











Water- 
Dough soluble 
mixed substances 
with HCl (Per cent 
Experiment concen- of dry 
number tration weight) Remarks 
1 N/20 30.60 Crumb of bread, sticky, but less so than 
in control loaf. 
2 N/15 24.30 Crumb, considerably less sticky. 
3 N/10 20.55 ) Crumb, almost normal, approaching in 
i quality the bread made from flour 
4 N/10 20.80 No. 2. 





In order to verify the obtained results with samples of different ori- 
gin, four lots of flour from “ Kubanka” wheat (these wheats were 
grown in the Taganrog district in 1929) were experimented with. 
These wheats were germinated at room temperature, from 24 to 102 
hours, in a layer 1 cm. thick with frequent shovelling. The first sample 
(24 hours of germination) was characterized by a bent sprout, the last 
sample (102 hours of germination) possessed a sprout twice as long as 
the grain itself, and the two intermediate samples had sprouts of smaller 
size. From this wheat, 85% straight grade flour was milled, an analysis 
of which showed a very high total nitrogen and gluten content, generally 
characteristic of hard wheats. The analytical data are shown in Ta- 
ble XITi. 


TABLE XIII 


ANALYSIS OF THE 85% FLouR FROM MILLED “KuBANKA” WHEAT OF DIFFERENT 
STAGES OF GERMINATION 











Ash Total Dia- Water- 
content nitrogen Gluten static Natural soluble 
Time (Per (Per activity sugars substance 
of cent cent ae (Rum- (per (Per cent 
Sample germi- of dry of dry sey Rum- of dry 
number nation weight) weight) Wet Dry units) sey) weight) 
Ars. P.ad. FP. a. 
1 24 1.80 3.57 47.6 16.96 783 52.1 14.00 
2 48 1.62 3.43 45.8 16.26 1037 62.1 15.00 
3 72 1.79 3.40 43.8 16.45 1290 62.1 16.63 
4 102 1.76 3.24 46.9 16.79 1251 90.1 18.55 





The great resistance shown by the proteins of this wheat, with regard 
to germination, should be pointed out. Grain possessing a sprout of 
considerable length still contained the same amount of gluten as in the 
first stages of germination; the quality of the gluten was only slightly 





a ee NRE IO 











Ser eee etme =e 














Sept., 1933 NATALIE KOZMIN 431 


inferior in comparison with the original sample, but incomparably 
higher, however, than that of soft wheats. Features drawing attention 
are the outstandingly high diastatic activity and water-soluble substances 
in the flour. 

With a diastatic activity value even smaller than that for sample 
No. 1 of this series of experiments, a decidedly defective loaf was pre- 
viously obtained. It was natural to expect, therefore, when baking these 
sprouted samples, that an increased splitting of the starch, with a result- 
ing stickiness of the crumb, would result. The experiment showed that 
flour No. 1 produced almost a normal loaf with an elastic crumb, only 
slightly moist, and incomparably higher in quality than the bread baked 
from flour No. 5, which possessed a lesser diastatic activity. In accord 
with the quality of the crumb, the content of water-soluble substances 
was somewhat higher than in quite normal bread, but considerably less 
in amount than that characterized by defective bread. Starting with 
sample No. 2, however, the bread becomes more sticky and inelastic 
reaching the poorest quality with flour No. 4. Coincident with this, 
there was an increase in the amount of the water-soluble substances, 
amounting to 50% of dry weight in samples No. 3 and 4. These flours 
also possessed a typically “sprouted” crumb. Analysis of the water 
extract of the doughs, immediately before placing in the oven, fully 
confirmed the previous conclusions that the greatest splitting of starch 
takes place at the time of baking (see Table XIV). 


TABLE XIV 


WATER-SOLUBLE SUBSTANCES OF DOUGH AND BREAD, AS PER CENT OF Dry WEIGHT 

















Flour No. 1 Flour No. 2 Flour No. 3 Flour No. 4 
Diastatic activity Diastatic activity Diastatic activity Diastatic activity 
on = = = 1251 
Dough Bread Dough Bread Dough Bread Dough Bread 
— 26.30 20.80 38.20 24.50 50.00 23.60 53.50 
18.20 26.40 21.80 34.20 23.60 45.50 — 60.00 





Experiments of acidifying the dough for the purpose of inhibiting 
the action of diastase upon the starch during baking also gave very in- 
teresting results. The doughing of flour No. 4 with N/10 hydrochloric 
acid, as previously described, did not give the markedly favorable effect 
as was obtained in the previous series of experiments. The quality of 
the crumb was improved but little, and the content of water-soluble sub- 
stances in it was reduced only from 50% to 40%. 

Comparing the lack of action of N/10 acid with the fact that the 
slightly sour taste generally present in such cases was entirely absent, it 
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was assumed that the flour possessed a higher buffering capacity than 
the flours previously experimented with, which could be due in part to 
the very high protein content of the flour. A positive effect could be 
obtained by adding hydrochloric acid of a stronger concentration than 
N/10 and thus move the reaction of the dough more decisively in the 
direction of greater acidity. The dough was, therefore, made with 
N /5 HCl (as in the case with N/10 HCI the yeast was added after the 
greatest part of the acid had become bound with the proteins). The 
crumb obtained appeared quite normal, dry, and even better than in 
No. 1. The content of water-soluble substances fell quite sharply, in- 
dicating a total inhibition of the action of diastase during baking. The 
following data (Table XV) serve as an illustration. 


TABLE XV 


WATER-SOLUBLE SUBSTANCES OF DOUGH AND BREAD FROM FLouR No. 1 ACIDIFIED 
witH HCl or DIFFERENT CONCENTRATION 








Water-soluble substances 
(Per cent of dry weight) 














Dough made with Dough Bread 
N/10 HCl 32.70 40.00 


N/5 HCl 28.20 24.50 








It is interesting to note the fact that the dough acidified with N/10 
HCl contained, immediately before it was placed in the oven, more 
water-soluble substances than did normal dough and/or dough made 
with N/5 HCl. It is further worthy of notice that the latter (N/5 
dough) does not only show during baking no increase in the content of 
the water-soluble fraction, but, to the contrary, there is a decided de- 
crease in these constituents. A further analysis of this fraction pro- 
vides some indications for the causes responsible for the observed 
phenomenae. The figures are shown in Table XVI. 


TABLE XVI 


ANALYSIS OF THE WATER-SOLUBLE FRACTION OF DOUGH AND BREAD FROM FLOUR 
No. 4, AS PER CENT OF DRY WEIGHT 





~~ Acidified with HCI N/10 Acidified with HCI N/5 





Dough Bread Dough Bread 

Water-soluble substances 32.70 40.00 28.20 24.50 
Consisting of: 

Protein 3.86 3.44 5.53 3.10 

Non-nitrogenous substances 28.84 35.56 22.87 21.40 
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A reduction in the amount of water-soluble substances during baking 
of the dough made with N/5 HCI takes place, first of all, at the expense 
of the coagulation of the soluble protein, which is more intensive here 
than in less acid doughs. The rest is due probably to the exhaustion of 
the sugars which are fermented away during baking while there is a 
total absence of splitting of the starch. Dough made with N/10 HCI 
contains less soluble protein than the former and a higher content of 
water-soluble substances can, in this case, simply be explained by in- 
tensified action of the diastase in a slightly acid medium at a temperature 


of 30° to 32° C. 


Discussion and Conclusions 


From the aforementioned data it is possible to draw a number of 
conclusions with regard to the technical qualities of flour from sprouted 
wheat. 

The data presented, as well as the literature cited, compel us to 
modify somewhat the view which existed heretofore as to the signifi- 
cance of the saccharogenic power of the flour, and the amount of sugars 
as a factor determining the progress of fermentation in the dough. 

If the saccharogenic power of the flour is not lower than a certain 
minimum required besides everything else for the supply of food for a 
given amount of yeast, then the absolute value of it will have no direct 
influence upon the rate of fermentation. In such case it would be per- 
fectly wrong to identify the diastatic activity of the flour with the gas 
producing capacity. 

The recently published monograph of Loeb (1930) contains com- 
prehensive material regarding this question. Having studied a number 
of flour samples of various diastatic activity and the rate of consumption 
of sugar by the yeast, the author draws the conclusion that dough from 
flour of any origin contains a sufficient supply of carbohydrates (formed 
by the action of diastase and originally present in the flour) to maintain 
fermentation at the required rate for obtaining a good loaf of bread. 
However, as the result of the work of Jg¢rgensen (1931) some correc- 
tions will have to be made to the conclusions drawn by Loeb. Touching 
upon the very interesting problem of fermentation of dough from flour 
of low diastatic activity, Jérgensen suggests a differential method for 
“testing the sufficiency of food for the yeast” by means of sugar, and 
by that method establishes that, in dough from flour of low or even 
medium diastatic activity, there may occur, under certain conditions 
(strong yeast, long fermentation, etc.), a deficiency of fermentable food 
in the yeast and they are unable to give full rise to the dough. The 
author used these data for the purpose of developing an efficient method 
for test baking in which the quality of the dough and bread should 
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not depend upon the saccharogenic power of the flour; but it is clear 
that the results of the investigations of Jgrgensen, as well as the early 
works of Elion (1928) and our own data, can be utilized more ex- 
tensively for determining potential possibilities for gas production by 
any flour under any conditions. 

But even if an increased activity of diastase is not necessarily to 
stimulate dough fermentation, and thus the part played by it is somewhat 
curtailed, according to our data we found another side to the action 
of this enzyme which has heretofore been overlooked. Experiments 
with sprouted wheat have shown that the process of splitting of the 
starch due to the effect of diastase at the time of baking may go so far 
that the part left unaffected is not sufficient for binding all the water 
of the dough at the time of gelatination. Owing to this, the crumb of 
the bread loses its elasticity and dryness and gives the impression of 
being damp and badly baked in spite of a normal moisture content and 
the ordinary length of baking period. This characteristic property of 
bread from sprouted wheat was noted by Kent-Jones (1927) but he 
explains it wrongly, saying that “there is a difficulty in baking through 
the crumb which often remains raw.” The data presented in this paper 
show that the formation of a normal crumb depends in a considerable 
degree upon the amount of starch which is capable of binding the water 
during gelatination by forming a resilient gel. It is therefore necessary 
to pay attention, not only to the colloidal properties of the gluten to 
which up till now the principal part in the process of forming the skel- 
eton of the loaf has been ascribed, but also to the qualities of the starch 
which are almost decisive in determining the quality of the crumb. If 
it is really necessary to have elastic gluten in order that the dough should 
be able to rise properly and give a loaf of normal volume, the crumb 
will be dry and non-sticky only in that case if there is no excessive split- 
ting of the starch. In the tests described above the loaf obtained was 
of normal height but with a defective crumb. In our previous work, 
on the contrary, we have observed flour with gluten of a very poor 
quality that produced bread which spread and lost its form entirely in 
proof but after it was baked the crumb was normal, dry, and elastic. 

Thus the study of the biochemical properties of dough and bread 
from sprouted wheat makes it possible to draw conclusions concerning 
the significance of the diastatic enzymes in determining the baking quali- 
ties of flour. Their part as suppliers of fermentable carbohydrates is 
limited and we must now talk only about the minimum values of diastase 
at which normal fermentation still goes on in doughs made without an 
addition of sugar from the outside. Of chief prominence is the dex- 
trinzing capacity which must not exceed certain limits, In flour from 
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grain which has undergone germination, these limits are exceeded and 
the bread obtained is defective. 

In connection with the establishment of a new criterion of flour 
quality—dextrinizing capacity—the problem arises of the necessity of 
establishing a new procedure for its determination. In the data just 
presented, the diastatic activity was determined according to the Rumsey 
method, i.e., expressed as the milligrams of maltose formed during one 
hour’s standing of the water-flour suspension. A high dextrinizing 
capacity corresponded to a high saccharifying capacity, however, full 
parallelism between them could not be established. Thus, in the second 
series of experiments, for instance, flour No. 5 with a diastatic activity 
equalling 652 units per Rumsey gave decidedly defective bread, while 
in the third series of experiments flour No. 1 with greater saccharifying 
activity (782 units) gave, on baking, almost a normal crumb. These 
contradictions can easily be explained. First of all, it can hardly be 
expected that in all instances there would be a uniform increment of 
activity of both components, the saccharifying and liquefying, of the 
fermentation complex. Further, the saccharifying capacity according 
to the Rumsey method is determined at a low temperature, while maxi- 
mum dextrinization of starch under the action of diastase takes place 
during a short period of heating of the dough in the oven. In working 
out a method for testing the diastatic activity of flour it is necessary to 
accept as a basis the said considerations, otherwise characteristics of 
flour obtained in artificial conditions will not correspond with the be- 
havior of the flour during baking. 

Improvement of the quality of flour from sprouted wheat by acidify- 
ing the dough up to pH = 4.3-4.5 confirms the results of Olsen and 
Fine (1924) concerning the inhibition of the activity of diastase in a 
sour medium at high temperature. These conclusions may have a purely 
practical significance and provide a theoretical basis for the empirical 
methods worked out by bakers for improving the flour by long fer- 
mentation or by an addition of sour dough. The first to point out in 
literature the fact of a positive influence of increased acidity upon flour 
from sprouted wheat was Ostrovsky, et. al. (1931) who supposed that 
the defectivity of such flour is connected with increased dextrinization 
of the starch. 

In our work we did not touch upon the question of variation of the 
protein portion of flour from sprouted wheat during the process of 
baking. But those preliminary data concerning the quality of gluten 
and solubility of proteins which we possess lead us to believe that these 
variations are insignificant in comparison with the alteration of carbo- 
hydrates. The splitting of gluten is hardly noticeable by the time the 
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diastatic ferments are so active as to exert during baking considerable 
hydrolysis of the starch, causing the formation of defective bread. 
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THE MEASUREMENT OF COLOR IN FLOUR AND BREAD 
BY MEANS OF MAXWELL DISCS 
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(Read at the Convention, June, 1933) 


Very few direct measurements of the color of flour have been made 
by research workers. Search of the literature reveals that some work 
has been done by Ruter in Germany (1931, 193la) and by Jago in 
England (1921). Ferrari and Bailey (1929) have determined the color 
of flour extracts as a measure of flour color. Kent-Jones and Herd 
(1929) have measured the color of flour extracts as an indication of 
the color and grading of flour. Grewe, Marshall, and Harrel (1929) 
have published a method of measuring the color of bread, using the 
method of Nickerson (1929), 

After seeing a demonstration of the machine developed by Keuffel 
and Esser to utilize Munsell color discs for Miss Nickerson’s work, it 
appeared that this method should be adaptable to reading the color of 
flour. However, it was found that by any combination of color discs 
obtainable from the Munsell Color Company satisfactory readings of 
flour color could not be obtained, excepting on the darker grades. 

A set of fairly stable waterproof colors was then developed by us 
which can be used for the reading of any flour, from the highest and 
whitest in character to that of the lowest grade that is sold commercially. 
In developing this method we have used a scheme of expressing color 
which appears more elementary and simple than the Munsell system. 
The Munsell system expresses colo1 in terms of hue, brilliancy, and 
chroma; hue meaning the shade of color, brilliancy the amount of black 
in the color, and chroma the dilution of color by white. We soon found 
that the ratio of yellow to red, in measuring flour color, did not remain 
constant, it varying in a-series of flours from 5.72 to 2.25. It was evi- 
dent that one hue could not be used. The complete color analysis of 
flour then consists of four factors, the colors red, yellow, black, and 
white, each expressed as a percentage of the total color of the flour. 

An instrument was developed for utilizing this principle of reading 
color by means of Maxwell discs, which operates in the following man- 
ner : 

The discs are rotated at a constant speed of 3600 r.p.m. The flour 
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Fig. 1. ‘The N-A Disc Colorimeter and equipment. 


sample is also rotated at the maximum speed that can be attained without 
throwing the flour out of the container. The flour sample is prepared 
according to the following procedure: 

I. The sample of flour to be measured is placed in an aluminum 
container which is spun alongside of the color discs. A “ slicking ” 
device is provided so that approximately the same amount of flour is 
pressed down from a fixed height so that the pressure on each sample 
is approximately the:same. This “ slicking’’ device consists of three 
parts in addition to the aluminum container for the flour: 


1. An aluminum casting into which the container for the flour sample 
fits snugly. 

2. An aluminum cover which fits inside of the casting and rests on a 
reamed edge 4,” above the top of the container. 

3. A piece of plate glass which is used to level off the flour and also to 
obtain the final surface on the “ slick.” 


II. To prepare the sample, place the casting on a level surface and 
fit the aluminum container within it so that the bottom of the container 
rests on the level surface. Next take approximately 100 gms. of the 
flour to be measured and place this loosely in the container. Draw a 
straight edge across the top of the casting in such a manner that the con- 
tainer and casting are full of loosely packed flour which is even with the 
top of the casting. Now place the cover in position and press the flour 
down slowly until the cover rests on the reamed edge and no further 
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compression is possible. Turn the cover several times to prevent any 
flour from sticking to it and then remove it from the casting. At this 
point one should have a smooth layer of flour 4¢ in. above the edge of 
the container. Remove the container from the casting, and using the 
smooth surface of the plate glass, press the flour down to the edge of 
the container. Then give the plate glass several rotary turns and draw 
it straight across the surface. The sample is now ready for measure- 
ment and should have a perfectly smooth surface. 
Ill. Types of Measurement. 


1. Dry Slick 

Place the sample as prepared under I and II on the sample wheel of 
the colorimeter and adjust the color discs to match the color of the 
sample. 


2. Wet Slick 

The flour sample as prepared under I and II is carefully submerged 
in clean water at room temperature (20° C.) using the following pro- 
cedure: 

(a) The sample is held at an angle of approximately 45°. 

(b) Take 10 seconds to submerge the sample, keep under water for 
10 seconds, and take 10 seconds to remove the sample from the water; 
an elapsed time of 44 minute for the complete dipping operation. There 
should be no poc marks or striations upon the surface. Air bubbles 
beneath the dough layer can be successfully removed by dropping the 
dish from a height of about three inches, the dish being held in a posi- 
tion parallel to the plane of the table top, so that upon dropping the dish 
the bottom strikes the table top equally at all points. Surfaces which 
are uneven cause shadows and hence increase the black reading. 

(c) Where it is desired to make readings that can be duplicated in 
any locality use distilled water for dipping the sample. 

After dipping the sample as above allow to stand for seven minutes; 
place it on the sample wheel of the colorimeter and adjust the color disc 
to match the color of the sample. Obtain the final color match 10 min- 
utes after dipping. 


3. Dried-out Wet Slick 

Dip the sample in water as directed in (2) ; allow to stand 10 min- 
utes—or, use the wet slick immediately after reading. Take a razor 
blade or sharp knife and make one ct, through the entire thickness of 
the flour layer, across the middle (diameter) of the container. Place 
sample in air oven at 100° C. In the case of soft wheat flours dry for 
Y% hour. When the sample is a hard wheat flour dry for 1 hour. 

When the sample has dried as described above place it on the sample 
wheel of the colorimeter, first removing the drive belt so that the wheel 
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will not spin; choose a representative, smooth area of the sample for 
comparison and adjust the color discs to match the color of the sample. 
An eyepiece is useful for these readings. 

In our experience the best light source is north light through an opal 
glass (double flashed) window with no crossbars and with no objects 
near the inside or outside of the window to obstruct the light. All 
woodwork between the instrument and the window is painted white. 
The operator must wear a white coat or a white shield must be placed 
between the machine and the operator. With these specifications we 
have been able to get concordant results. The light from a daylight 
lamp can also be used if desired, but is not recommended. When such 
a lamp is used, proper account must be taken of the distance from the 
light source to the instrument, the angle of the light, and the change in 
light intensity due to line voltage variations. These conditions must 
be kept constant. 

The matching of colors can be done in three ways: The discs can 
be observed openly. A special card can be inserted with holes so that 
all but two fields of exactly the same dimensions are covered. Or lastly, 
the disc can be read with an eyepiece which is provided for that purpose. 
The results by the three methods of reading are substantially the same 
so that if an operator has difficulty in obtaining satisfactory results by 
one method of reading the other can be substituted, though it is recom- 
mended that for comparative work one type of reading be used. 

Bread can be read in the same manner by placing a circular slice of 
bread of standard thickness in a white rotating container. However, in 
this case the eyepiece must be used in order to blank out the concentric 
circles produced by streaks due to the texture. 

An accuracy of + % of 1% may be obtained under best lighting 
conditions by experienced operators of normal vision. 

Figure 2 shows the relative amount of color obtained in patent and 
low grade flours and the effect of time upon the color. It is to be noted 
that the wet slick as it dried out lost whiteness and gained in yellow. 
Also there was a small gain of black in both grades and of red in the 
low grade. The red of the patent flour did not change throughout the 
entire period of reading, from a freshly wet slick to one dried 30 min- 
utes at room temperature. The relative amount of each of these colors 
is interesting. The amount of yellow is substantially the same in patent 
and the low grade, the difference in whiteness of the flours being largely 
due to differences in the amount of red and black. In general most 
flours present this same picture. It is to be noted that the most con- 
stant readings are to be found between 5 and 10 minutes after wetting. 
This is the period between the soaking in of free water and that time 


where a dried surface begins to develop. 
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Fig. 2. Changes in color during drying of a wet slick. 
Figure 3 compares oven drying to air drying as a method of pre- 
‘ paring the dried out slick. 

It is to be noted that the colors of the oven dried slicks are different 
from the air dried. This particularly is marked in the case of the yel- 
low of the oven dried slick which increases to a maximum and then 
decreases. 

An oven dried slick should be read after the drying is completed as 

' erratic results will be obtained otherwise. 


Figure 4 gives the average readings on hard and soft wheat flours in 
the different commercial grades available, from numerous sources 
throughout the United States and Canada. Only three colors—black, 


red, and yellow—are shown. Unbleached flour, commercially bleached 
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Fig. 3. Colors of the slick obtained by air drying and oven drying. 


flour, and unbleached flour extracted with petroleum ether and air dried 
were measured. 

Considering each color separately, it is to be noted for hard wheat 
flours that yellow does not vary with grade; that bleaching of the flour 
reduces the yellow and that extraction of the flour reduces yellow still 
further. In the soft wheat flours the same holds true except that 
bleaching lowers the yellow nearly as much as extraction, indicating that 
these fours are more completely bleached commercially. Low grade 
hard wheat flour shows a similar effect. 

The red color is lowest in patent flours and increases with the lower- 
ing of the grade. Commercial bleaching or petroleum ether extraction 
of flours does not affect red to as great an extent as yellow, particularly 
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in the hard wheat patent flours. On the more completely bleached soft 
wheat flours and lower grades the red values are lowered farther by 
both bleaching and extraction. 

The black of flour increases with the lowering of grade in all cases. 
It may increase or decrease with bleaching or extraction. Experiments 
to indicate why this is true suggest that it is related to shadows due to 
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Fig. 4. Average readings on commercial bleached and unbleached flours. Comparison is also shown 
with the same flours extracted with petroleum ether. 


granulation. Flour is often spoken of as blue. This is a color that 
cannot exist in the presence of yellow and red. Their effect is to 
neutralize blue. One should refer to this characteristic as black. 

All colors are present in the non-extractable portion of flour to a 
greater extent than in the extractable portion. 

Figure 5 shows the correlation of flour colors to ash content of flour. 
The calculations were made according to the method of Harris (1910). 

The correlation coefficient is considered significant only when it is 
substantially greater than its probable error. Hence the ratio of r to E, 
determines correlation, or absence of correlation. Bearing this fact in 
mind the following conclusions can be drawn: 

1. There is no correlation of yellow or white to the ash of flour. 

2. There is some correlation of red and black to flour ash. 
31 
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CORRELATION COLA F /CIENTS 


Based o! on 20 represen titive samples of flour 


Correlation and, Patio 
Ash-Wert Shick Color \probable error 
f' 2 fe 

ASH + YELLOW (Untreated #0.2/3/ # AS/99 
(Bleached) | POIT#T FUFIC6 
(Lxtracted)| 40.3220 £/.0//7 


\COntreated) 40.7758 ZA3152 
(Bleathed) | 40.7970 £0.2868 
thitracted)| 40.8280 * 0.26/16 


BLACK (Untreated) 40.8990 40.2705 
LBZ hed) |#0.7522 raAaz0b6FE 
(Extracted) 40.6470 £2.3576 























llatreated)| -0.6237 LQAISIE 
(Bleathed) | -0.5878 £09566 
(Extracted)| -0.8700 £09190 















































Fig. 5. Correlation of flour colors to ash content of. flour. 


3. With bleaching and extraction the correlation between red and 
flour ash becomes better, while in the case of the black it becomes less 
satisfactory. 

Similar attempts to correlate these colors with protein indicate no 
relationship. 

Figure 6 is an attempt to correlate beond color with the wet slick 
and the dried out slick. The differences between bread color and slick 
colors are given. 

A satisfactory method of slicking flour and reading its color should 
indicate the color of the bread obtained when baked by a simple formula. 

It is to be noted that in all cases in practically all grades of flour 
the yellow measurements are greater in the bread than in the wet slick 
and less than in the dried out slick. This difference is quite marked 
in the case of the dried out slick and shows that the dried out method 
of slicking is not a particularly good indication of the yellow color that 
will be carried into the bread. 

The readings of red in the wet slick are very close to those found 
in the bread, in all grades of flour. As has been previously pointed out, 
the red color of the wet slick correlates with the ash content. Hence 
the determination of red in the bread should indicate the grade of flour 
from which the bread was baked. In the dried out slick the correlation 
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of red with bread is apparent in the patent grades but is poor in the 
lower grades, the bread showing more red color than the slick indicates. 

The correlation of the readings of black in bread to flour color are 
very surprising. It is to be noted that in all cases, in all grades and all 
methods of slicking, bread shows a great deal more black than is indi- 
cated in the flour, in many cases ten times as much. The explanation 
of this peculiar behavior of bread is due to factors that are hard to de- 


Deviation of ‘Bread and /- four Color 
PATENT 


Bread mina Wet Shick Bread minus Dried-aat Shick 
Yellow| Hed \Black | Ye//ow Dac. 
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Fig. 6. Comparison of bread color with the wet slick and dried out slick. Values shown are the 
differences only. 

termine. Apparently shadows in the texture are an important factor 
in producing black. The translucent character of bread crumb also has 
its effect. Bread crumb was pressed in a hydraulic press to remove 
all bubbles and texture shadows. The black characteristic remained 
in the transparent film obtained. It is to be noted that the amount of 
black in the bread increased materially over that in the wet slick as 
the grade became lower. The wet slick, in general, is the best indica- 
tion of the color that will be obtained in bread. 








446 DEVELOPMENT OF MOLDS ON BREAD Vol. 10 


The N-A Colorimeter is not capable of showing the fine differences 
of the standard slicking method but it can define differences of sub- 
stantial importance numerically. Therefore, its use is not in daily 
contro! of mill production but rather in confirming and maintaining mill 
standards, analyzing what is wrong with a flour color, selecting those 
grades which have a certain characteristic in the flour streams and for 
specifying flour color. 
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An active interest in the bread-mold problem is still being manifested 
by those associated with the baking industry. Losses due to mold dam- 
age during the merchandizing of bread were not serious before the 
advent of bread wrappers. Improvement in plant practices and sanita- 
tion has succeeded in reducing the amount of mold infection on bakery 
products. Losses have not been entirely eliminated, however, and re- 
cently the problem of such elimination has been attacked with renewed 
interest. The modern practice of slicing bread by the producer may 
have aggravated this problem which the bakers of quality products are 
determined to solve. 

The American Dry Milk Institute has supported an extensive pro- 
gram of investigation in attempting to determine factors which have a 
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direct bearing upon the rate of mold growth on bread. Results ob- 
tained have been briefly reviewed in a Minnesota Agricultural Experi- 
ment Station bulletin by the authors (1933), as well as in a paper pre- 
sented by Brouilet to the American Society of Bakery Engineers (1933). 
Certain phases of this investigation are expanded further in the present 
paper. 


Humidity and Mold Growth on Bread 


It is generally known that molds require humid conditions for 
abundant growth on bread. The requisite level of humidity may be 
contributed by general climatic conditions, or it may be found in a lim- 
ited space when moist materials are stored in tight containers or in- 
closed in relatively impervious wrappers. In such restricted spaces, 
the evaporation of moisture from the loaf itself may serve to sufficiently 
increase humidity to cause rapid mold growth. 

Information concerning the exact levels of humidity which will 
support mold development is not abundant. Lauritzen and Harter 
(1926) found that Rhrzopus nigricans and Rhizopus tritici would de- 
velop on sweet potato when the latter was exposed to an atmosphere 
having a relative humidity of 75% to 83%. Thom and Le Fevre 
(1921) observed that the moisture content of corn-meal is a factor in 
determining the extent of mold growth. The minimum moisture con- 
tent was found to vary from 13% to 19% with different genera of 
molds. Herter and Fornet (1919) concluded that the humidity of the 
atmosphere was more effective in general, in controlling mold develop- 
ment on bread, than the moisture content. They discerned some dif- 
ferences in the response of various mold species. Essentially similar 
conclusions were reached by Prescott, Streiden, and McClellan (1922). 

In our study of the literature, we did not find an answer to a question 
which had been asked; namely, “ What level of humidity is needed 
to support mold growth on bread crust?” A series of experiments 
were instituted, therefore, to secure an answer to this question. 

Pure cultures of Aspergillus niger, Rhizopus nigricans, and Penicil- 
lium expansum were provided by Louise Dosdell, Mycologist, in this 
Experiment Station. These were cultured on media to produce a crop 
of spores which were used as the inoculum. Crust of well baked bread 
was removed with a sharp knife, cutting it quite thin and fairly free 
from crumb. Four such crust sections were placed in each of four 
containers which were maintained at different humidity levels in a 
thermostat at 28° C. Three of these sections in each container were 
inoculated with active spores, one with each of the organisms mentioned. 
The fourth section was used for moisture determinations by the A. O. 
A. C. vacuum oven method after allowing four days to reach an equi- 
librium between its moisture content and the relative humidity of the 
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atmosphere. Humidity was controlled by maintaining the atmosphere 
in contact with free surfaces of aqueous sulfuric acid solutions. 

A preliminary series of tests was made with relative humidity levels 
varying from 61.8% to 90.8%. Results indicated that the lower three- 
fourths of this range did not permit of mold development within a 
seven-day period. The second series involved relative humidities of 
84.2% to 92.8%. These results were of sufficient interest to warrant 
replication. The humidity range was slightly higher in this third series. 
Resultant mold growths were in good agreement in these experiments 
as indicated by the data of Table I. 


TABLE I 
EFFECT OF VARYING RELATIVE HumipiTIES Upon Crust MoisturE CONTENT AND 
Motp GROWTH ON BREAD Crust. (Crust moistures after 
4 days—mold growth after 7 days) 

















Container Rel. Hum. Crust Growth Growth Growth 
number (28° C.) % moisture % A. niger R. nigricans P. expansum 
First series (preliminary) 

1 61.8 10.3 None None None 

2 71.1 12.0 None None None 

3 82.2 16.1 Trace None None 

4 90.8 25.5 Heavy Heavy Light 
Second series 

1 84.2 19.8 Trace None None 

2 87.2 23.0 Medium Trace None 

3 90.2 25.7 Heavy Medium Light 

4 92.8 29.2 Heavy Heavy Medium 
Third series 

1 86.2 19.8 Trace Trace None 

2 89.2 22.5 Medium Light Light 

3 92.3 25.7 Heavy Medium Light 

4 95.0 27.5 Heavy _ Heavy Heavy 





Daily observations of the rate of mold growth were made through 
the glass walls of the containers. Definite evaluations in this way were 
difficult, especially in cases of very light development. The examina- 
tion at the end of the seven-day period was made with the aid of a 
binocular compound microscope. A “trace’’ of growth as recorded 
in the tabulation at 84% and 86% humidity levels was practically in- 
visible to the naked eye and very generally consisted of only a few my- 
celia which appeared to be the result of arrested growth. At 87% and 
89% relative humidities, the growth was not heavy even after seven 
days. Relative humidities of 90% and above favor a vigorous mold 
growth on the crust, though even at these levels the best development 
was along the edges of the section, showing the resistance of well baked 
crust to mold attack. 

Aspergillus niger seemed to flourish better than the other two types 
at the lower humidity levels investigated. The crusts carrying each of 
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the three species were in the same container, however, and some mixing 
of spores had occurred. The aim of the investigation was not primarily 
to determine differences between these common bread molds, but rather 
to obtain a composite picture of their sensitivity to varying humidity 
levels. 

Complete agreement was not obtained in determining the equilibrium 
between relative humidity and crust moistures, when comparing results 
of the three series. This may be partially explained by possible varia- 
tions in the amount of crumb and material intermediate between crust 
and crumb taken for moisture tests. 

Determinations of hygroscopic moisture were made on fairly thin 
crusts and on sections of crumb from bread without milk, and also from 
bread containing 6% skimmilk solids. Humidity levels similar to those 
in the last two series of mold tests were used. It was found that the 
bread with the skimmilk solids had an average 1.3% higher crumb 
moisture content and a 0.6% higher crust moisture content than the 
bread without milk, after storing at the same humidity levels. This 
indicates that the use of skimmilk solids increases hygroscopicity and 
permits bread to carry a higher moisture content without increasing the 
humidity of the air between loaf and wrapper. It was also observed 
that bread crumb contained 4.5% more moisture than crust when av- 
eraging results obtained after storage at relative humidity levels of 
84% to 93%. The difference was somewhat above this average in the 
upper part of the range investigated. Crust samples essentially free 
from crumb are necessary to insure accuracy when determining the 
relation of crust moisture to the humidity of the surounding air. 


Effect of Carbon Dioxide on Mold Growth 


In considering the various factors influencing mold development, it 
seemed desirable to study the effect of carbon dioxide which is abun- 
dantly produced in a fermenting dough and is probably present in fairly 
high concentration in the finished loaf. The problem was directly sug- 
gested by the apparent inactivation of mold spores during baking which 
was obtained by the authors (1932), even in only partially baked loaves. 

Since this work was started, an investigation, by Moran, Smith, and 
Tompkins (1932), of the effect of carbon dioxide upon mold growth 
on meats has come to our attention. In this study it was shown that 
the introduction of as little as 4% carbon dioxide in air would effect 
a discernable reduction in rate of mold growth. They also showed 
that this was not due merely to the dilution of the air since equal per- 
centages of nitrogen instead of carbon dioxide exerted no retarding 
effect. Other attempts have been made to use carbon dioxide atmos- 
pheres as a preventer of fungus growths but no application of its use 
in bread preservation is known. 
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The procedure used involved the inoculation of slices of bread with 
a mixture of mold spores preserved in dry dextrin. This mixture was 
prepared from pure cultures of the three typical bread mold genera 
mentioned earlier. These slices were placed on wire screens over a free 
water surface in glass containers which could be evacuated to the desired 
pressure. Pure carbon dioxide was then allowed to flow in to replace 
the removed air. 

Four series of tests were made including the use of 13 different con- 
centrations of carbon dioxide ranging from 17% to 54%. One con- 
tainer in each series was used for observing simultaneously the rate of 
mold growth in air. The tests of each series covered the greater part 
of this range, but replications were not made at exactly the same levels 
in carbon dioxide percentage. A period of four days was allowed for 
each test. Under the high humidity conditions prevailing, an abundance 
of mold growth was produced on the bread crumb maintained in air in 
less than two days. It was believed that an atmosphere which would 
prevent mold growth for four days under such conditions could almost 
be considered to have a permanent inhibiting effect or, at any rate, the 
test was more severe than anything that would be encountered in com- 
mercial practice. 

When a grouping of all results was attempted, it was found that the 
terminology applied in evaluating the extent of growth in each con- 
tainer after two, three and four day periods could be used without altera- 
tion in preparing a composite table, if six groupings were made of the 
carbon dioxide concentrations that had been used. Results are presented 
in this manner in Table II. 


TABLE II 


Mo._p GROWTH ON BREAD CRUMB IN ATMOSPHERES CONTAINING VARYING 
CONCENTRATIONS OF CARBON DIOXIDE 








Percentages of carbon dioxide in atmosphere 








Days 0 17-20 24-25-30 33-35-38 40-44 50-52-54 
2 Medium None None None None None 
3 Heavy Medium Light None None None 


4 V.heavy Med. heavy Medium  Trace-spores Trace-mycelia None 





It is apparent that concentrations of carbon dioxide as low as 17% 
exert a measurable retarding effect on mold growth on bread. Fifty 
per cent or more of carbon dioxide permitted no mold development 
within this time interval. A uniformly graduated effect directly pro- 
portional to the concentrations of carbon dioxide used is in evidence. 

It appeared to be of considerable commercial importance to determine 
if a temporary exposure to carbon dioxide would have any permanent 
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effect upon the rate of mold growth on bread. Several tests were made 
to secure evidence on this point. Temporary exposures were allowed 
which varied in length from 20 minutes to 18 hours and in carbon 
dioxide concentrations from 50% to 88%. To insure thorough removal 
of the carbon dioxide, the pressure within the container was successively 


reduced four times to about 10% of the original, followed each time 
by the admittance of washed air. According to calculation, this would 
reduce the carbon dioxide concentration to a level of 0.5% to 0.8%. 

It seemed apparent from comparisons with control tests that there 
was no permanent effect upon the mold spores as a result of this ex- 
posure to carbon dioxide. Mold growth was just as rapid and abundant 
on bread in the containers which had contained high percentages of 
carbon dioxide as on bread kept in air. 


Summary 


Relative humidities of about 90% or more in the enveloping air 
are required to permit appreciable mold development on bread crust 
within the usual interval of time between production and consumption. 

3read crumb is more hygroscopic than bread crust. The introduc- 
tion of milk solids into bread slightly increases the hygroscopicity of 
both crust and crumb. 

Carbon dioxide concentrations of 17% will retard, and if as high 
as 50% will prevent, mold growth on bread, but only while maintained 
in such atmospheres. Subsequent removal of bread so treated into a 
normal atmosphere results in as abundant and luxurious mold growth 
as though the treatment had not been applied. 
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ECONOMICAL MUFFLE FURNACE OPERATION 


C. G. HarREL and STENER Dvuoos 


Pillsbury Flour Mills, Minneapolis, Minnesota 
(Read at the Convention, June, 1933) 


Temperature control of furnaces operated on either alternating or 
direct current is usually effected by use of the rheostat. Because of 
the fact that a large amount of electric power is dissipated in the form 
of heat by the rheostat, it would be advantageous to substitute some 
other instrument. In the following paragraphs several instruments 
are described. 

Rheostat loss in watts may be computed by multiplying the voltage 
drop across the used portion of the rheostat by the line current. From 
Figure 1 this is E,] watts. The wattage multiplied by hours of yearly 
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Fig. 1. Rheostat control of furnace. 
E, = Line voltage. 
E.= Voltage of current entering furnace. 
E, — E,= E; = Rheostat voltage drop. 
R, = Furnace resistance. 
R. = Rheostat resistance. 
J] =Line current 











operation divided by 1000 gives loss in kilowatt-hours which when mul- 
tiplied by cost per kilowatt-hour gives the yearly cost of power loss in 
the rheostat. 

Furnaces operated on alternating current may be controlled by trans- 
formers tapped in one or two volt steps over a range which produces 
convenient changes in temperature. (According to the power equation 
for transformers, the power induced in the secondary coil equals the 
power entering the primary coil. See Figure 2. E,J,—E,J..) R 
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may be considered almost constant. From Ohm’s law E/R=I, the 
current J, drawn by the furnace resistor is directly proportional to the 
voltage E, applied. Since the heat obtained in the furnace is directly 
proportional to the power E,/, entering the resistor, the temperature of 
the furnace may.be increased by stepping up the voltage E,, or may be 
decreased by stepping the voltage down. 
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Fig. 2. Transformer control of furnace. 


R, = Furnace resistance. 

J, = Line current 

E, = Line voltage at which /, enters 
primary coil of transformer. 

I, = Induced current. 

E2 = Voltage of Je. 


An example of a furnace operating on an alternating current is given 
below to compare the results of the two methods described. 


1. When rheostat is used: 
Furnace resistance = 5 ohms. 
Line current = 18 amperes at 110 volts. 
Voltage drop across used portion of rheostat = 40. 
Rheostat power loss = 40 « 18 = 720 watts (not including furnace). 
Furnace resistor draws 70/5 = 14 amperes. 
Furnace resistor consumes 70 & 14 = 980 watts. 
Total power consumption = 720 + 980 = 1700 watts. 
2. When transformer is used: 
Line voltage is stepped down to 70. 
Furnace resistor draws 70/5 = 14 amperes. 
Furnace resistor consumes 70 & 14 = 980 watts. 
Transformer loss = about 7% of power used = 68 watts. 
Total consumption = 980 plus 68 = 1048 watts. 
3. Difference in cost: 
Power saved when transformer is used = 1700 — 1048 = 652 watts. 
For continuous operation, this is equivalent to 5491 Kw.h. With a 3 cent rate 
[oe kilowatt-hour the transformer method presents a yearly saving of 
164.00. 
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Since the use of the transformer is limited to furnaces operating 
on alternating current, some other apparatus must be found to replace 
the rheostat on direct current. There are available several types of 
instruments for this purpose. The first to be described is a German 
manufactured instrument which might be called a high temperature 
thermostat. (See Figure 3 for illustration.) It consists essentially of 
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Fig. 3. High temperature thermostat furnace control. 


= Iron wire filament. 
Nitrogen gas. 
‘+, and E, = Electrodes. 
= Bimetallic strip. 
= Coil wound around B. 
Adjustable contact point. 
Level of mercury when circuit is closed. 
= Level of mercury when circuit is open. 
Line current. 
Voltage of J. 
= Bimetallic strip contact point. 
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a closed quartz glass U tube, the ends of which are blown to bulbs, G, 
and G,. G, contains an iron wire filament A. The bend of the tube 
is filled with mercury, the remaining space being filled with nitrogen. 
Into each arm just below the level of the mercury, an electrode is sealed, 
E, and E,. The two electrodes are connected to the circuit leading to 
the furnace. The main circuit is also led through a coil, C, wound 


7" 


























C. G. HARREL AND STENER DUOOS 455 





Sept., 1933 


around a bimetallic strip, B. An adjustable contact point, F, is located 
at the free end of the bimetallic strip. A part of the main circuit is 
shunted to the adjustable contact, F, and through the iron wire filament, 
A, and back through the bimetallic strip. 

The manner in which the apparatus functions is as follows: The 
circuit passes through the mercury when it is at level L,, and also through 
coil C, heating the bimetallic strip B and bending it to the left until it 
makes contact with F at D. The circuit through the filament A is now 
completed and the heating of the filament expands the gas in G,, thus 
forcing the mercury to level L, breaking the circuit passing through the 
furnace and also the shunted circuit. The gas cools and contracts, 
allowing the mercury to return to its original level L,, where the circuit 
is again closed and the process is repeated. By turning the adjustable 
contact F away from the bimetallic strip B, the main circuit is closed 
for longer periods of time and the furnace is kept at a higher tempera- 
ture; by bringing points F and D closer, the temperature is lowered. 
The adjusting knob on F may be calibrated for any given furnace in 
degrees of temperature, but it is best to use a thermocouple and py- 
rometer in conjunction with the instrument. This form of control is 
quite inexpensive and is very economical as the circuit is turned on and 
off intermittently instead of being on constantly ; thus very little power 
is dissipated by the apparatus itself. 

Another instrument which may be used to control furnaces on direct 
current lines is one manufactured by several companies in the United 
States. This instrument consists mainly of a potentiometer actuated by 
a thermocouple in the furnace. The potentiometer regulates the turn- 
ing on and off of the current by a mercury switch. At a high tempera- 
ture the ratio of the time intervals during which the current is on and 
off is greater than one; at lower temperatures, the ratio approaches zero. 
The more efficient the furnace, the smaller the ratio becomes for any 
given temperature. To increase the temperature, an indicator is moved 
upward on a calibrated scale to the desired point, thereby turning on 
an uninterrupted flow of current until the potentiometer records the 
desired temperature. At this point the circuit is automatically opened 
and closed for the proper time intervals in order to maintain a furnace 
temperature varying by only a few degrees. To decrease the heat, 
the indicator is moved downward on the scale thus breaking the circuit 
until the furnace has cooled to the desired temperature, at which point 
the potentiometer again regulates the intervals during which the current 
is on. There are two types of this instrument, one which automatically 
records the temperature on a chart and is capable of controlling several 
furnaces at once, the other automatically controls one furnace and 
indicates its temperature with a pyrometer. 
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The initial cost of any of the three installations described above is 
paid for by savings in a comparatively short time. The following table 
records the data upon different furnaces in various laboratories. Note 
the extremely high cost of rheostat operation, which may be converted 
to a saving by any of the methods described. The yearly savings 
effected become appreciable in localities where the cost of power is 2 to 
3 cents per kilowatt-hour. 








Operating Yearly rhe- Cost of Yearly cost 
temperature ostat power power per of operation 
Laboratory offurnace consumption Kw.h. of rheostat 


*i. Kw.h. Dollars Dollars 
3400 0.025 85.00 
3100 0.025 77.50 
3150 0.025 78.80 
3410 0.030 102.30 
7100 0.030 213.00 


Average 4032 0.027 111.30 











Summary 


1. It is taken for granted that’ automatic temperature control is a 
desirable feature on ash muffle furnaces and the distinct purpose of 
this paper is to point out the desirability of the automatic temperature 
control from an economic standpoint. Thus, it is hoped that more 
laboratories may make automatic temperature control installations which 
will eventually lead to a closer agreement of analytical results between 
laboratories. 

2. The most expensive instrument described in this paper costs 
about $165.00 and the average loss due to rhedstat power consumption 
is $111.30 per year. This means that the installation will pay for itself 
in 1.45 years—based on a rate of 2.7 cents per kilowatt-hours. 

3. The life of the instrument described at a cost of $165.00 is ap- 
proximately fifteen years. After paying for the instrument, this invest- 
ment would yield approximately $1530 for the life of the instrument 
to the organization making such an installation. 

4. Automatic temperature control is desirable both from a standpoint 
of economy and uniformity of combustion conditions. 
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SCIENCE AS AFFECTING INDUSTRY 
Gustav EGLOFF 


Research Director, Universal Oil Products Company, Chicago, Illinois 
(Read at the Convention, June, 1933) 


In the last quarter century, a new “ Aladdin” has come into in- 
dustry. His magic lamp has thrown its light on waste places and 
gigantic business structures have sprung up almost overnight. Under 
its powerful rays old industrial processes have vanished, wiping out 
enormous accumulations of capital. 

The new “ Aladdin” is the research worker. From his laboratory 
have issued facts with all the force of fiat. To him have come bankers, 
military leaders, corporation heads, health seekers, psychologists, edu- 
cators, and representatives of every phase of modern life. 

“Give us a short cut,” has been the plea. “ Make a substitute. 
Go nature one better. Scrap the old process. Produce something bet- 
ter, more efficient, cheaper, cheaper, cheaper.” 

With inexhaustible patience the research worker has taken the man- 
date to heart and labored night and day with his books, formulas, retorts, 
and test tubes. Here a synthesis, there a molecular change. Over 
and over again, a dozen times, a hundred times, a thousand times, if 
necessary, have the new combinations been arranged. Until finally, as 
if by unerring instinct, the reward has been: “ Eureka.” This exclama- 
tion, time and time again has decreed the birth of new industries vast 


.in size, the destruction of old ones, hoary with respectability, tremendous 


saving of human life, alleviation of pain and increase in comfort. 

In the forefront of the army of research workers is the chemist. 
He adds a trace of chemical to rubber tires, and their mileage is in- 
creased more than sixfold, thereby saving the public more than a billion 
dollars a year. Thus, at a stroke, a new industry is created. By 
adding chromium to steel he cuts down a portion of the tremendous 
yearly rust bill of the world and opens the way to the ultimate discovery 
of a cheap non-rustless steel whose benefits will be incalculable. 

By formulating the modern cracking process for heavy oil to pro- 
duce over 7,000,000,000 gallons of gasoline a year he decrees the rise 
of a $400,000,000 business with equipment costing over $400,000,000. 
By changing the viscosity of gun cotton and adding gums, the chemist 
gives the world a new lacquer. The product is now used on about 
100% of our automobile production. This new substitute for paint 
457 
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and enamels represents a business of over $100,000,000 a year. His 
discovery of cellulose compounds from which rayon, a new silk, is 
fabricated, worked a revolution in the textile industry and reduces 
tremendously the importance of the silk worm. 

Rubber research has substituted the tire which will give over 30,000 
miles for the one which used to wear out under a 5,000 mile usage. New 
abrasive materials were added to the tire, finer cotton was spun, and 
traces of chemicals were mixed with the rubber. Rubber deteriorates 
rapidly, becoming brittle when standing in the air. The scientist added 
a trace of chemical to rubber which inhibited the oxidation of tires by 
the air, or, expressed another way, it practically checked the rusting 
of the tire and prolonged its life sixfold. 

The discovery of accelerators in the curing of rubber and anti- 
oxidants for rubber preservation has founded new industries which 
produce economic values of over a billion dollars a year. 

The same direction is going on in prolonging human life by iodine, 
copper, iron, and vitamins, traces of which profoundly affect health 
and longevity. 

The iron rust bill of ‘the world is over $1,000,000,000 a year. Steels 
made of chromium and iron have cut the losses somewhat. But they 
are too expensive for general use. The oxidation of our steel entails 
not alone a high economic loss but also the ever-present danger of 
structural collapse due to their weakening under rust conditions. The 
finding of a cheap chemical, which will stop the rusting of steel when 
added in traces will add incalculable economic values through the ages 
to man’s welfare. 

The rubber industry has pointed out the way in finding “ rust ” 
inhibitors. Billions of dollars have been saved for the automobile 
owner over the years, due to increasing the wear quality of his tires, 
and billions will be saved for the steel user by the discovery of a cheap 
“rust” preventive. 

The oil industry, wherein the cracking process has resulted in 
tremendous savings and conservation of crude oil of one-half billion 
barrels a year is probably one of the best examples at hand of an 
industry keenly competitive in the research field. 

In the last twenty years or so the cracking process has developed 
into an investment of over $400,000,000. More than $50,000,000 was 
spent in experimentation before the modern cracking process, a uni- 
versal source of motor fuel, was commercially developed. During this 
time there has been a conservation of more than five billion barrels of 
crude oil due to the cracking process taking heavy oils which contain no 
gasoline as such and by heat and pressure converting them into over 


50% of gasoline. During 1932 over 7,000,000,000 gallons of cracked 
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gasoline were produced having a retail market value of over $700,- 
000,000. The cracking process also produces a high anti-knock gasoline. 

As the temperatures and pressures of cracking have increased 
through the year, a problem of stabilizing the gasoline produced has 
developed, due to high gum-forming components being present which 
are highly sensitive to air oxidation. Gum inhibitors or anti-oxidants 
have been developed which prevent deterioration of cracked gasoline. 
These inhibitors are saving the oil industry at the rate of about $25,- 
000,000 a year by eliminating the drastic refining necessary to remove 
the gum-forming hydrocarbons. 

The cracking process not only produces gasolines but also furnace 
oil, a relatively new development. The oil is used in household heaters 
and therefore comes into sharp competition with coal because of the 
substitution of oil burners for coal furnaces in homes. 

Asphalt, another by-product of the cracking process, covers many of 
our roads and buildings. Fuel gas, an additional by-product, is sold in 
part to city gas companies, competing with coal gas and water gas. 
Some of the cracked gas, when chemically treated produces alcohols 
which compete with solvents made by fermentation of sugars. In fact, 
an entirely new chemical industry is being built upon the cracking proc- 
ess. During 1932 approximately 250,000,000,000 cubic feet of gas was 
made by cracking, much of which went into domestic heating. This 
quantity of cracked gas has substituted for 13,000,000 tons of bitumi- 
nous coal. The cracking process also produces coke which is used for 
metallurgical, electrode, and fuel purposes. Last year the coke substi- 
tuted for over 1,000,000 tons of bituminous and anthracite coal. 

The cracking process has been a windfall to the large refiner and 
the saviour of the small one. The small refiner can convert cheap heavy 
oils into cracked gasoline at a lower price than he can produce it from 
most crude oils. Examples are not lacking where oil concerns, barely 
limping along before the cracking process came on the scene, turned 
from the “red” to the “ black” shortly after the process became avail- 
able to them. 

The coal industry is a remarkable contrast to the oil industry. The 
most backward industry in the United States is probably coal. Wealthy 
as it has been, there has been no forward looking policy. It has not 
mapped out a program for the day when it might receive competition 
from other industrial groups, such as oil and natural gas. The oil 
industry alone has taken away about 20% of the coal industry’s business 
yearly. The coal industry in the United States has no research insti- 
tution devoted solely to solving its scientific, technological, and economic 
problems. Other nations have recognized the necessity for intensive 
research in coal and have founded institutions financed largely by the 
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coal industry. Germany has at least two such research institutions and 
similar facilities have been provided in England, Italy, and Czecho- 
slovakia. 

The time has come for the coal industry to heavily finance a research 
program on the carbonization of coal and better and wider utilization 
of its products. Such a program could develop, as for illustration, gas 
for heating and chemical uses, and production of high antiknock motor 
fuels. Cheap gas could be produced so that homes, public and office 
buildings could be heated smokelessly. 

At least $25,000,000 should be spent by the coal industry in research. 
Men should be marshaled into this research as a general pours rein- 
forcements into a breach in his lines. 

Coal companies could produce gas at the mines, pipe it hundreds of 
miles to large cities, crack the tar into motor fuel and convert the coke 
into gas and sell a blend of the gases produced by the whole process 
of coal and oil treatment. Such a program would brighten our cities, 
eliminate our soot problem, permit the ultra-violet light of the sun to 
reach our bodies and make us a healthier, happier people. 

Seventy years ago Buckton synthesized tetra-ethyl lead, a fruity 
odored, highly poisonous liquid whose vapor gave a striking mental 
exhilaration, bringing on hallucination, sleeplessness, headache, night- 
mares, and finally death. It was a chemical curiosity for over sixty 
years. It was just another one of the many products of pure research, 
of interest only to the scientist. 

Then along came General Motors Company seeking a solution to 
the problem of knocking motor fuels. Knocking meant loss of power 
in a motor, hence a waste of gasoline. Intensive research was carried 
on until over 33,000 compounds were studied. It was discovered that 
one molecule of tetra-ethyl lead added to 200,000 molecules of gasoline 
slowed up combustion in a motor and Ethyl gasoline was the result. 
Thus, a knocking motor fuel to which a trace of chemical had been 
added, burned quietly instead of knocking in an engine. 

Cellulose nitrate, or gun cotton, made from cotton and nitric acid, 
was discovered about eighty years ago. Not until a few years ago was 
a way found to change the viscosity of the product so that it would flow 
readily. A pigment and gum was added and a coating for automobiles 
was the result. It used to take ten days or so to paint or enamel a car. 
A spray gun or air brush and quick drying now finishes the job in a 
few hours. Two-thirds of the investment lying idle while cars were 
painted has been saved. 

The discovery of the new lacquer speeded up production and made 
possible the manufacture of millions of cars a year in a more economic 
manner. The new process has been extended for use in covering rooms, 
furniture, and many other articles. Upon the introduction of the newer 
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product and process, the paint and varnish industry was put on the 
defensive. 

This led to competitive research which developed new synthetic 
resins as protective coatings and these in turn are placing the cellulose 
nitrate lacquer on the defensive. 

Observe what research has done to the wood distillation industry. 
Synthetic chemistry has sounded the knell of the industry centering 
around the distillation of wood for the production of wood alcohol or 
methanol. The hand of research has practically been absent from the 
wood industry.’ 

As a result of research in other fields, the wood distillation industry 
declined and a new industry which is producing synthetic methanol has 
arisen. This product is obtamed when carbon monoxide and hydrogen 
combine under the action of high temperature, pressure, and catalyst. 
One of the first results of the commercial synthesis of methanol was 
its dumping into the United States by Germany and marketed at about 
one-third the price of methanol produced from wood distillation. 
Shortly thereafter large commercial plants were built in the United 
States for the production of synthetic methanol. 

No sooner had the synthetic production of methanol given the wood 
distillation industry something to think about, than a method of pro- 
ducing methanol by oxidation of natural gas was discovered. There 
are billions of cubic feet of natural gas available in the United States 
for the production of methanol, formaldehyde, and other oxidized 
products. 

But the march of progress has not stopped. New chemical dis- 
coveries crowd on each other’s heels, giving vivid confirmation to the 
words of the banker who said that “chemical research makes banking 
uncertain.” 

In the modern industrial world where competition is between indus- 
tries even more than between companies in the same industry, the 
research chemist is the ally of progressive capital. That capital which 
is standpat and content with old processes is apt to wake up some 
morning to find its process superseded by some new discovery hatched 
from the fertile mind of the scientist. No corporation is too large not 
to realize the place of research in industry. From the automobile com- 
panies to the meat packers, the rubber industry, the electric machinery 
and power industry, and the oil companies, the lesson of research has 
been made evident so that even he who runs may read. 

What, then, shall industry do? Since the problem of research is 
likely to bear heaviest on small groups, the remedy would probably lie 
in three dimensions. First, they may consult an expert in their field 
who will make a survey of the problem and recommend changes; second, 
qualified research men may be engaged to carry out the recommenda- 
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tions; and third, small groups in an industry might pool their interests 
and further co-operative research, from which all would benefit. 

It should be emphasized that no one organization, no matter how 
large, can have a monopoly of the brains of our scientists, no one can 
tell at what moment an unknown chemist engaged in the problems of 
some small group may come upon discoveries of historic moment, 
revolutionary to the group and to industry as a whole. 

It would appear, then, that the lesson to industry, big and little, is 
to prepare and enlist science as its ally. 





NON-SURVIVAL OF RED MOLD OF THE MONILIA SITO- 
PHILA GROUP AT BAKING TEMPERATURE 


C. B. Morison 


American Institute of Baking, Chicago, Illinois 


(Read at the Convention, June, 1933) 


The common red bread mold of the Monilia sitophila group is an 
exceedingly troublesome source of food spoilage. Its fine light and 
powdery conidia are abundant, produced rapidly, and dispersed in the 
atmosphere by very slight air movements. That this mold is difficult to 
eradicate from the bakery, when once it gains a foothold, is well known. 

Although there is evidence that bread infected with conidia and 
ascospores of Monilia species does not develop mold after baking for 
35 minutes at 215° C.,’ there are possible limitations to this statement 
which depend upon conditions that would favor survival, such as dryness 
of conidia and ascospores, localized aggregates of these in the dough, 
and the amount or degree of infection. ; 

In view of these considerations, experiments were conducted in 
which a straight dough was made with a flour containing a very high 
infection of a species of Monilia, isolated from moldy bread. The 
doughs were scaled at 18 ozs. and baked for 30 minutes at an oven 
temperature of 220° C. 

The baked loaves were then set aside in the incubator for observa- 
tion but no evidence of mold was shown after a period of 5 days. 

It is probable that the conidia and ascospores were well wetted dur- 
ing mixing, and were exposed to a killing température under moist con- 
ditions during baking. 

P. Beier, of our laboratory, found that the conidia and ascospores 
of this species of Monilia were killed at 70° C. exposure of 10 minutes, 
and at 60° C. exposure of 20 minutes. At 50° C. survival was noted 
after 30 minutes exposure.’ 





1Spear, C. L., and Dodge, B. O. Life histories and heterothallism of the red bread mold 
fungi of the Monilia sitophila group. J. Agr. Research, 1927, 34: 1019-1042. 
*In water suspensions, 
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REPORT OF THE COMMITTEE ON DEFINITIONS OF 
TECHNICAL TERMS 


WASHINGTON Patt, Chairman 


Research Laboratories, The Borden Company, Syracuse, New York 


(Submitted at the Convention, June, 1933) 


The Committee on Definitions of Technical Terms was appointed 
for the first time in 1932. This was the direct outcome of a paper on 
“ A Discussion of the Meaning of Some Terms Used in Cereal Chem- 
istry’ presented at the 1932 A. A. C. C. Convention by Quick Landis 
and C. N. Frey. The suggested definitions in this paper were used as 
the starting point for the work of the Committee. 

The following were appointed members of the Committee : 


M. A. Gray C. B. Morison 
Quick Landis C. C. Oppen 
J. A. LeClere Washington Platt, Chairman 


Suggestions have been invited from all members of the Committee and 
as far as possible incorporated in the recommendations. 

In addition to this the Committee has profited greatly by the recom- 
mendations of a Special Committee of the Northwest Section which was 
appointed to consider these definitions and which made very substantial 
contributions to this subject. This Committee consisted of—C. H. 
Bailey, Arnold Sasse, Earl Frank, with F. A. Collatz, Chairman. 

The proposed definitions were published in the May, 1933 issue of 
the News Letter so as to give all of the members of the A. A. C. C. an 
opportunity to study the definitions proposed and to comment on them. 

The Committee believes, therefore, that these definitions have been 
fairly well studied from many independent angles. 

The definitions in the original paper by Landis and Frey were di- 
vided into two groups: First, those connected with the diastatic activity 
of the flour; Second, those connected with the so-called colloidal prop- 
erties of the flour. The first represent rather clear cut definitions on 
which there will probably be little difference of opinion and which will, 
we hope, receive ready acceptance. The second group includes defi- 
nitions of tolerance, development, resistance, stability, etc., on which 
there is more difference of opinion and which are more difficult to 
express in definite terms. It was decided to present the first group 
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for adoption at the 1933 Convention, reserving the second for recom- 
mendation subsequently. 

The following definitions were recommended and adopted as tenta- 
tive standards: 


In these definitions the amount of flour to be used is to be the equivalent of 
the weight specified at a definite and constant moisture content. (Either 13.5% or 
15.0%.) 


Rumsey Drastatic (SACCHAROGENIC) ACTIVITY. 


Rate of formation of reducing sugars, calculated as grams anhydrous maltose, 
per hour, per 100 gms. of flour when acting autolytically on the flour under con- 
sideration, and limited to the first hour of measurement. 


LIMITING SACCHAROGENIC ACTIVITY. 


Rate of reducing sugar formation calculated as grams anhydrous maltose per 
hour, per 100 gms. of flour acting autolytically on the flour and taken during the 
second hour of autolysis. It represents the saccharogenic activity of the flour 
under consideration as distinguished from the “ Rumsey Diastatic Activity.” 


FERMENTATION RATE. 


Rate of disappearance of sugar in consequence of alcoholic fermentation ex- 
pressed as grams per hour, per 100 gms. of flour or rate of formation of carbon 
dioxide gas, expressed as cc. per hour per 100 gms. of flour in a yeast leavened 
dough. 


SuGAR LEVEL. ‘ 
The concentration of fermentable sugars in a yeast dough at any time, ex- 
pressed as grams sugar per 100 gms. of flour. 


PoTeNTIAL SUGAR LEVEL.! 

The theoretical concentration of sugars in the dough or suspension at any time 
if the fermentation rate were zero. It is the sum of the concentrations of unfer- 
mented and previously fermented sugars at any time. 


DouGH VOLUME. 
The volume of the dough at any time expressed as cc. per 100 gms. flour. 


MaximuM DouGH VOLUME. . 
The average volume of the dough expressed in cc. per 100 gms. flour when the 
average rate of loss of gas from the dough becomes equal to the fermentation rate. 


RESIDUAL SUGAR LEVEL. 
The concentration of sugars in the bread after baking expressed as grams 
sugar per 100 gms. of flour. 


GAssING Power or GASSING CAPACITY. 

Potential fermentable sugar level converted to cc. of gas per 100 gms. flour, 
either by the use of excess yeast or the factor 212 cc. or CO: per gram of fer- 
mentable sugar. 





1 This definition, as recommended and adopted, is somewhat changed from the wording originally 
published in the News Letter. 














REPORT OF THE COMMITTEE ON DEFINITION OF 
MOISTURE BASES FOR LABORATORY REPORTS 


R. K. DurHAm, Chairman 


Rodney Milling Company, Kansas City, Missouri 


(Read at the Convention, June, 1933) 


At the 1932 annual meeting of the A. A. C. C. the following recom- 
mendations of the Methods of Analysis Committee were adopted : 

1. That a definite moisture basis be adopted for reporting chemical con- 
stituents of wheat flour and feeds. 

2. That a similar moisture basis be adopted for reporting water absorp- 
tion of flours. 

The Southwestern Millers’ League and the Millers’ National Federa- 
tion had previously adopted resolutions requesting various grain inspec- 
tion agencies to convert wheat protein to some fixed moisture basis 
before reporting. The Millers’ National Federation specified 15.0% 
moisture as a common conversion basis (method of analysis unstated), 
while the Southwestern Millers’ League specified 15% moisture, vacuum 
oven method. 

After discussion of these resolutions and the Methods Committee’s 
recommendations, the following motion was passed: 

“That a special committee be appointed to consult and cooperate with the 
Millers’ National Federation and others, in establishing moisture bases for report- 
ing chemical constituents of wheat, flour, and feeds.” 

Since the Detroit meeting, the following organizations and agencies 
have been advised of the association’s action and comment invited : 

Kansas State Feed Inspection Department 
Millers’ National Federation 

Southwestern Millers’ League 

American Feed Manufacturers’ Association 
American Feed Control Officials 

Kansas State Grain Inspection Department 
Seattle Merchants’ ‘Exchange 

Various degrees of enthusiasm have been encountered. Those or- 
ganizations which favor further activity in the matter would probably 
welcome definite recommendations from the A. A. C. C. However, it 
appears doubtful if the agencies, which would be called upon to put the 
recommended conversion bases into effect, are disposed to go along 
with us. In this connection, it should be remembered that, tacitly, per- 
haps the A. A. C. C. has indicated its approval of the stand taken by 
the millers. However, it should be understood that we, as an associa- 
tion, have no police powers and are not to become involved other than 
to aid in working out a satisfactory conversion basis. 

If the problem were attacked from a purely chemical or scientific 
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point of view the solution would not be a difficult one. It is only when 
one considers its commercial aspects that difficulties arise. 

When speaking of the vacuum oven method, it is understood that any 
of its equivalents, such as air oven for one hour at 130° C. etc., may be 
substituted. 

The first question which naturally arises is, shall we state the 
method by which moisture is to be determined? And if so, what 
method or methods shall be recommended? 

In this connection, it is well to remember that the Brown-Duvel 
method is official for grain, whereas the vacuum oven is the commonly 
accepted method for flour and feed. The Brown-Duvel device was 
originally standardized against the water oven. The previously existing 
upper limit of 13.5% moisture in flour was also based on water oven 
method. 

Later, the vacuum oven method superseded the water oven and the 
upper limit of moisture in flour was raised from 13.5% to 15.0%. No 
similar changes were made in the United States grain standards nor was 
the Brown-Duvel procedure re-standardized against the vacuum oven. 
The result is that moisture in flour and feed is determined by one method 
and moisture in grain by another. 

That these two methods do not yield equal results, is an established 
fact. The actual difference, however, has not been well defined. Inas- 
much as the limit in flour was raised 1.5%, it might be, and often is, 
assumed that this is the prevailing difference between results obtained 
with water oven versus vacuum oven method. As a matter of fact, the 
difference with flour or ground material is probably about 1.0% to 1.2% 
of moisture. 

With a differential of 1.0% to 1.2% between the water and vacuum 
ovens and since the Brown-Duvel tester is standardized against the 
water oven, one might erroneously conclude that a similar differential 
prevails between vacuum oven and Brown-Duvel. That such is not 
true, will be readily understood when one considers the facts. 

When determining moisture in grain by either of the two oven meth- 
ods, it is customary to work with ground material and the drying period 
is 5 hours (unless temperature is 130° C.). On the other hand, in de- 
termining moisture in grain in connection with Brown-Duvel standard- 
ization, the grain is not ground and the drying period (in water oven) 
is 96 hours plus an additional 16 hours to confirm first weighing. With 
no moisture loss incident to grinding and considering the long drying 
period, it appears quite likely that with whole grain the differential be- 
tween the two ovens or between Brown-Duvel and vacuum oven should 
be less than 1.0% to 1.2%. The actual difference between Brown- 
Duvel and vacuum oven is difficult to determine since there is a seasonal 
as well as a class (wheat) difference. The absence of a fixed differen- 
tial makes it impossible to convert Brown-Duvel moisture results over 
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into vacuum oven terms or vacuum oven results over in Brown-Duvel 
units. 

Obviously, if we specify the vacuum oven method for flour and feed 
and the Brown-Duvel for wheat, we shall have set up two bases for con- 
version even though we recommend one conversion basis for all three 
commodities. Such a recommendation, if generally accepted and put 
into effect, will cause confusion to both layman and research worker. 
Considerable adverse comment is already evident because the miller 
must purchase wheat on the basis of moisture determined by one method 
and sell his products on the basis of moisture determined by a different 
method. 

This brings us to consideration of the question, what basis or bases 
shall be recommended for the conversion of the chemical constituents of 
wheat, flour, and feed? 

The Federal definition of flour recognizes 15.0% moisture content. 
While data is not available, it is probable that a survey would prove 
flour, when freshly milled, contained about 14.0% moisture. 

The official grain standards of the United States allow for hard red 
spring wheat and durum wheat a maximum limit of 14.0% moisture in 
No. 1 grade, 14.5% in No. 2, 15.0% in No. 3, and 16.0% in No. 4 and 
5 grades. Hard red winter, soft red winter, and white wheats are al- 
lowed a maximum limit of 13.5% moisture in No. 1 grade, 14.0% in 
No. 2, 14.5% in No. 3, and 15.5% in No. 4 and 5 grades. 

With encouraging progress being made in the development of rapid 
moisture methods for grain and the possibility that they may be stand- 
ardized against the vacuum oven, it is quite possible that these devices 
may supersede the Brown-Duvel tester and so lead to the determination 
of moisture in grain by an equivalent of the vacuum oven. 

Officials of the Kansas Feed Inspection Department have under- 
taken a twelve month survey to determine the average moisture content 
of mill feeds when packed. So far as we are aware, this is the first 
serious attempt along this line. If Kansas works out a satisfactory 
moisture conversion basis for feeds, other states may follow. 

The committee offers the following recommendations : 

1. That for purposes of converting chemical constituents of wheat, 
flour, and feed to a fixed moisture basis, the vacuum oven, or its equiva- 
lent, be recognized as the approved method for determining moisture 
content. 

2. That no moisture basis or bases for the conversion of the chemical 
constituents of wheat, flour, and feed be recommended at this time. 

3. That a committee be appointed to continue to cooperate with 
various interested trade and governmental agencies with a view toward 
the adoption of an acceptable moisture basis for the conversion of the 
chemical constituents of wheat, flour, and feed. 








REPORT OF COMMITTEE ON TESTING RYE FLOURS 


L. H. Bartey, Chairman 
Bureau of Chemistry and Soils, U. S. Department of Agriculture, 


Washington, D. C. 
(Read at the Convention, June, 1933) 


The testing of rye flour is rather a new field and trails have to be 
blazed. While rye flour is used principally in making rye bread, there 
are so many kinds of rye bread and these breads have such different 
characteristics that they can not be considered from a single point of 
view. 

Again, rye flour is seldom used alone in making rye bread as it is 
known in the United States. The type of rye bread that is the most 
popular in one market may not have the same demand in another market, 
and this complicates the problem of deciding what is the ideal loaf of 
rye bread. 

The milling of rye flour has not been developed to the same degree of 
refinement as has that of wheat flour. The aim of the rye miller is to 
obtain a flour of a definite color and flavor rather than one of a very 
definitely limited chemical composition. 

Of the many rye flours milled, there may be clearly recognized five 
or six general classes, based largely on the color of the flour. These 
classes or grades are—white, light, medium, dark, extra dark, and rye 
meal. 

Rye meal is used in making pumpernickel and was not considered by 
the committee. Some rye bread is fermented by sour dough which has 
been reserved from a previous baking. This type of bread, likewise, 
was not considered by the committee. Neither did the committee con- 
sider the so-called Swedish rye bread which is ‘usually made sweet by the 
addition of an appreciable quantity of sugar or molasses. 

There are many formulas for making plain rye bread. In these the 
proportion of rye flour may vary from 5% to 50% of the total flour 
content. The formulas also vary as to the class of rye flour and the 
other constituents used. 

The committee was confronted with many problems. Not only were 
the different grades of rye flour and the proportion of each to be used 
considered, but also the proper fermentation to give each dough. 

Most of the commercial rye breads are baked as hearth breads. The 
committee, however, is more accustomed to judging pan breads; hence 
the questions: Should these experimental loaves be baked on the hearth 
or in a pan? Should the wheat flour constituent be a patent flour, a 
clear flour or a mixture of the two? These and many other problems 
confronted the committee, and as the committee was composed of mem- 
bers scattered far apart it was impossible to meet and consider these 
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difficulties. Notwithstanding these handicaps, the committee has tack- 
led the task before it and is now ready to make a report of progress. 

After considerable experimental work, it was decided to use a mix- 
ture consisting of one part of rye flour and two parts of a strong hard 
wheat clear flour for testing all the five commercial grades of rye flour. 
A dough was made from 200 gms. of the flour mixture and fermented 
as one dough until time for panning, when the dough was divided and 
one-half placed in a pan and the other half on a board, where it was 
allowed to raise, after which it was transferred to the oven hearth to 
bake. Thus we had both a hearth loaf and a pan loaf of the same 
composition to judge for loaf quality. 

The following method was suggested for collaborative study : 


Formula 
Clear flour 133 gms. 
Rye flour eS * 
Yeast ee 
Salt = Wis 
Water Sufficient 


Fermentation 
White, light, and medium rye—_ 


First punch 75 minutes 
Second punch 45 - 
Pan 30 2 
Proof 45 - 
Dark and extra dark rye— 
Punch 75 Ze 
Pan 45 cs 
Proof 25-30 7 


Mix white, light, and medium ryes 3 minutes. 

Mix dark and extra dark ryes 2 minutes. 

Use plenty of steam or brush the loaves with water while they are baking to 
get a glossy crust. 

Experiments were made by using a sponge, as well as by the straight 
dough process. The breads made by the sponge process were not more 
diagnostic than those made from straight doughs, so the straight dough 
method was used as there is less chance for variations by this method. 

After the members of the committee had baked the different grades 
of rye flour they were handicapped in reporting their results on account 
of not having a score card. A wheat bread score card is not suitable 
for scoring rye breads. Again, there are such differences in rye breads 
made from the different grades of rye flours that it is necessary to con- 
sider only breads made from the same grade of rye flour in the same 
group. A different standard for grain, color, and texture must be as- 
sumed for each grade of rye flour used even when the same proportions 
of rye and wheat flours are used in making the breads. 


Recommendation 


It is recommended that a Rye Bread Score Card be developed before 
further collaborative baking tests are undertaken. 











REPORT OF THE COMMITTEE ON METHODS OF 
ANALYSIS 


C. E. MANGELs, Chairman 


North Dakota Agricultural Experiment Station, Fargo, North Dakota 


(Read at the Convention, June, 1933) 


General Report 


The activities of the Methods Committee during the past year have 
covered a variety of subjects, and most of these activities are included 
in the separate sub-committee reports. 

George Alexander resigned as a member of the committee and 
E. G. Bayfield was appointed to fill his place. 

In the untimely death of A. W. Meyer, the committee lost a most 
valued member. Mr. Meyer’s place was not filled. 

Dr. Bayfield has made a study of viscometric methods for use in 
testing soft wheat flours. Dr. Collatz has made a study of methods 
for the analysis of chemical leavening agents. Mr. Davis has made an 
extensive study of the use of selenium as a Kjeldahl catalyst. Mr. 
Flohil has reviewed the literature on volumetric methods for sugar and 
has recommended a volumetric procedure for the determination of 
sugar. I am sure many chemists will welcome a satisfactory volumetric 
procedure for sugar. Dr. Treloar has continued studies on the random 
and systematic errors of analysis, with particular reference to the 
moisture, ash, and protein determinations. 

The chairman of the committee has undertaken to revise the Book 
of Methods of the association. The revision is now practically com- 
pleted with the exception of one or two chapters. 

The revised manuscript when completed will contain chapters as 
follows: 

I. Wheat and Other Whole Grains 

II. Feeds and Feeding Stuffs 

III. Wheat Flour and Semolina 
A. Chemical Methods 
B. Physico-chemical, Enzymatic, Biological and Miscellaneous 
C. Baking Tests 

[V. Baked Cereal Products 

V. Alimentary Pastes 


VI. Shortening Materials 
VII. Chemical Leavening Agents 
VIII. Yeast Foods, Flour Improvers, etc. 
1X. Statistical Methods for Chemical Data and Limits of Accuracy in Analysis 


X. 
X. Appendix. Tables of Constants, etc. 
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The committee is open to suggestions as to ways and means of 
financing the issuance of a second edition of the Book of Methods, but 
is making some recommendations regarding same. 


Recommendations 


1. That the viscosity procedure recommended by Mr. Bayfield be 
adopted, tentatively, and that additional collaborative work be conducted 
on viscosity methods. 

2. That as a result of collaborative and investigational study on the 
use of selenium as a Kjeldahl catalyst, that the use of selenium be dis- 
continued. 

3. That the modified Schoorl method, as recommended for volu- 
metric determination of sugar, be adopted. 

4. That further study be made on methods for chemical leavening 
agents and yeast. 

5. That a sub-committee be appointed to prepare a chapter on exam- 
ination of shortening materials for the revised Book of Methods. 

6. That with approval of the Executive Committee arrangements be 
made with a publishing company to publish a second edition of the Book 
of Methods. 





REPORT OF THE SUBCOMMITTEE ON THE DEVELOP- 
MENT OF A VOLUMETRIC COPPER REDUCTION 
METHOD FOR SUGAR DETERMINATIONS 


J. T. Frowir, Chairman 


Research Department, Pillsbury Flour Mills Company, Minneapolis, Minnesota 


(Read at the Convention, June, 1933) 


Due to an increased appreciation of the relation of baking quality 
to sugar formation in the dough by diastatic action, sugar determinations 
have recently become more important in cereal chemical work. For 
this reason, the following discussion of the more generally known volu- 
metric reduction methods may be of interest. 

Most of the existing reduction methods are based on the old Fehling 
method, although the original Fehling solution has been modified. The 
original Fehling method was a volumetric method. Gravimetric methods 
were developed much later. Although gravimetric methods are gener- 
ally considered more accurate than the volumetric methods, the latter 
are, as a rule, more expedient and, for general routine work, of satis- 
factory accuracy. 

Volumetric methods can be divided into two groups: First, those in 
which the exact volume of a sugar solution, necessary to reduce an 
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accurately measured volume of the alkaline copper solution, is deter- 
mined and, second, those in which a measured amount of sugar solution 
is left to act on an excess of the alkaline copper solution, so that un- 
reduced copper remains in solution at the end of the reaction. 

The original Fehling method belongs in the first group. To indicate 
the endpoint of titration, K,Fe (CN), solution is used; the presence 
of an excess of Cu being indicated by a brown coloration when in 
contact with this solution. 

The method of Lane and Eynon (1926, 1929) belongs to this group. 
As an indicator, a methylene blue solution is used. This is discolored 
by a slight excess of reducing sugar. 

In the Pavy (1912) method, which also belongs to this group, the 
disappearance of the blue color of the copper solution itself is used as 
the endpoint. Pavy accomplishes this by the employment of an am- 
moniacal copper solution. The ammonia dissolves the precipitated 
cuprous oxide, which insures a perfectly colorless solution at the end 
of the reaction, when certain precautions are taken. 

In the methods so far described, a constant volume of Fehling solu- 
tion is used and the amount of sugar solution necessary to complete 
the reduction is the index of sugar content. Reischauer and Kruis 
(1912) reverse the procedure by employing a constant volume of sugar 
solution and measuring the amount of Fehling solution necessary to 
oxidize the reducing sugar. 

We shall now consider those methods, belonging to the second group, 
in which there is an excess of copper left in solution at the end of the 
reaction. These methods involve the estimation of the cuprous oxide 
originally present in the solution, the amount of which is a measure 
of the reducing sugar. All gravimetric methods depend on the weighing 
of this precipitated copper in the form of either cuprous oxide, cupric 
oxide, or as metallic copper. Most of the volumetric methods for the 
determination of this precipitate involve its solution in some acid and 
its subsequent titration. This titration is ordinarily made by the iodo- 
metric method or by the volumetric permanganate method. In a 
method, which will later be given in detail, the amount of cuprous oxide 
is determined indirectly, namely, as the difference between the soluble 
copper salt present before and after the reduction. In most of the 
direct determinations of cuprous oxide, its separation from the liquid 
is necessary. This naturally involves filtration. In the direct method 
sponsored by Scales (1919), no filtration is necessary and the oxide is 
dissolved in the presence of the reduction liquid. The solvents are acetic 
acid and HCl, and the titration is accomplished with iodine solution and 
back titration with sodium thiosulphate. 

For the direct volumetric method, where a filtration is required, the 
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solution of the precipitated cuprous oxide in a suitable acid has already 
been indicated. The resulting copper salt may now be determined either 
by electrolysis or volumetrically. 

In the rather well-known Peters (1912) method and its modifica- 
tions, the cuprous oxide is dissolved in nitric acid and the copper titrated 
iodometrically. To eliminate the disturbing influence of nitrous oxide, 
either bromine water or finely powdered talc is added. In the per- 
manganate method, the cuprous oxide is dissolved in a hot saturated 
solution of Fe,(SO,), in 20% H,SO,. The filtrate is then titrated 
with standard permanganate solution. 

The methods so far described are the most common and best-known 
procedures, the details of which are readily accessible in American 
chemical literature. Reference has already been made to the indirect 
determination of the reduced copper, namely, by subtraction of the re- 
sidual unreduced copper from the copper present before the reduction, 
or what ordinarily is called a blank titration. This blank titration, how- 
ever, needs to be made only once or, if so desired, only at long intervals. 
For all practical purposes, therefore, it may be said that a single deter- 
mination of the dissolved copper at the end of the reduction is suf- 
ficient to estimate the copper reduced by the reducing sugar. It has 
been found that the presence of the cuprous oxide in the solution does 
not materially interfere with the iodometric determination of the re- 
sidual copper salt. 

The main purpose of this paper is to describe the method here re- 
ferred to in detail, as it has considerable merit and is not generally 
available in the English language. It was established, in its present 
form, by Dr. Schoorl (1899, 1917), of the University of Utrecht, 
Holland, and is a modification of the original Lehman method. 

Before describing the method in detail, it will help the discussion 
to outline it briefly. A definite volume of the sugar solution is added 
to a carefully measured amount of Fehling solution; the mixture is then 
boiled, after which it is cooled and the unreduced copper immediately 
treated with KI solution and sulphuric acid. The liberated iodine is 
titrated with N/10 thiosulphate solution. A blank determination is 
made likewise. The difference between the two titrations represents 
the equivalent of the reduced copper and, consequently, that of the re- 
ducing sugar originally present. 

The accuracy of the method has been vouched for by a number of 
eminent chemists over a period of twenty years, as may be seen in Kolt- 
hoff’s standard work “ Die Massanalyse”” (1927, 1928), a translation 
of which is available in the English language. 

As the sugar tables furnished with the Schoorl method are based in 
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ScHOORL REDUCTION TABLE 
Num- Num- 
ber of ber of 
cc. of cc. of 
N/10 Invert Sacha- Lactose Maltose N/10 
thio- Glucose Fructose sugar rose mgs. Maltose mgs. thio- 
sul- mgs. mgs. mgs. mgs CrH2On mgs. CixH2On  sul- 
phate CsHi206 CsHOs CsHwOs CrxH»On +H20 CyH»On +H:0 phate 
Diff. Diff. Diff. Diff. Diff. Diff. Diff. 
; ma 3.2 3.2 3.1 4.6 5.0 5.5 1 
3.1 3.2 3.3 3.1 4.6 5.5 5.5 
2 63 6.4 6.5 6.2 9.2 10.5 11.0 2 
3.1 3.3 3.3 3.1 4.7 5.5 6.0 
3 94 9.7 9.8 9.3 13.9 16.0 17.0 3 
3.2 3.3 3.2 3.1 4.7 5.5 5.5 
4 12.6 13.0 13.0 12.4 18.6 21.5 22.5 4 
3.3 3.4 3.4 3.2 4.7 5.5 6.0 
5 15.9 16.4 16.4 15.6 23.3 27.0 28.5 5 
3.3 3.6 3.4 3.2 4.8 5.5 5.5 
6 19.2 20.0 19.8 18.8 28.1 32.5 34.0 6 
3.2 3.7 3.4 3.2 4.9 5.5 6.0 
7 22.4 23.7 23.2 22.0 33.0 38.0 40.0 7 
3.2 3.7 3.3 3.2 5.0 5.5 6.0 
8 25.6 27.4 26.5 25.2 38.0 43.5 46.0 8 
3.3 3.7 3.4 3.2 5.0 5.5 5.5 
9 28.9 31.1 29.9 28.4 43.0 49.0 51.5 9 
3.4 3.8 3.5 » 3.3 5.0 6.0 6.5 
10 32.3 34.9 33.4 31.7 48.0 55.0 58.0 10 
3.4 3.8 3.4 3.3 5.0 5.5 6.0 
11 35.7 38.7 36.8 35.0 53.0 60.5 64.0 11 
3.3 3.7 3.5 3.3 5.0 5.5 6.0 
12 39.0 42.4 40.3 38.3 58.0 66.0 70.0 12 
3.4 3.8 3.5 3.3 5.0 6.0 6.0 
13 42.4 46.2 43.8 41.6 63.0 72.0 76.0 13 
3.4 3.8 3.5 3.3 5.0 6.0 6.0 
14 45.8 50.0 47.3 44.9 68.0 78.0 82.0 14 
3.5 3.7 3.5 3.3 5.0 5.5 6.0 
15 49.3 53.7 50.8 48.2 73.0 83.5 88.0 15 
3.5 3.8 3.5 3.4 5. 5.5 6.0 
16 52.8 57.5 54.3 51.6 78.0 89.0 94.0 16 
3.5 3.7 3.7 3.5 5.0 6.0 6.0 
17 56.3 61.2 58.0 55.1 83.0 95.0 100.0 17 
3.8 3.8 3.6 5.0 
18 598 65.0 61.8 58.7 88.0 101.0 106.0 18 
3.5 3.7 3.7 3.6 5.0 
19 63.3 68.7 65.5 62.3 93.0 107.0 112.0 19 
3.6 3.7 3.9 3.6 5.0 5.5 6.0 
20 66.9 72.4 69.4 65.9 98.0 112.5 118.0 20 
3.8 3.8 3.9 3.7 6.0 
21 70.7 76.2 73.3 69.6 103.0 118.5 124.0 21 
3.8 3.9 3.9 3.7 
22 74.5 80.1 77.2 73.3 108.0 124.5 130.0 22 
4.0 3.9 4.0 3.8 5.0 
23 78.5 84.0 81.2 77.1 113.0 130.5 136.5 23 
4.1 3.8 4.0 3.8 5.0 7.0 
24 82.6 87.8 85.2 80.9 118.0 136.5 143.5 24 
4.0 3.9 4.0 3.8 
25 86.6 91.7 89.2 84.7 123.0 142.5 150.0 25 
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terms of thiosulphate used and its sugar equivalents, the calculation in 
terms of the different reducing sugars is quite convenient. 


Details of the Schoorl Method for Sugar Determination 
REAGENTS 


FEHLING SOLUTION (according to Soxhlet-Meissl-Herzfeld) : 
Solution A. 69.28 gms. crystallized CuSO, 5 H,O per liter. 
Solution B. 346 gms. Rochelle salt and 100 gms. NaOH per 

liter. 

N/10 sodium thiosulphate solution. 
25% H,SO, solution (1 volume H,SO, + 6 volume water). 
30% KI solution. 
2% soluble starch solution. 


PROCEDURE 


25 cc. of sugar solution is transferred to a 300 cc. Erlenmeyer flask, 
then 10 cc. (carefully measured) of solution A and 10 cc. of solution 
B are added. 5 cc. of water is added to bring the total volume to 50 
cc. The liquid is brought to a boil; the time required to bring to a boil 
should be about 3 minutes; the exact time of boiling, 2 minutes by the 
clock. The flask should rest on an asbestos plate over a circular opening 
of 6 cm. diameter. The liquid should boil very moderately in order 
to prevent too much concentration. 

After the boiling process, the solution is cooled immediately (to 
about 25° C.) under the cold water tap, then 10 cc. of a 30% KI solution 
is added, followed (not preceded) by 10 cc. of a 25 cc. H,SO, solution. 
The solution is titrated immediately with N/10 Na,S,O,, stirring con- 
tinually, until the iodine color has changed to brownish yellow. Soluble 
starch is now added (about 10 cc.) and the titration is continued slowly 
until the blue of the liquid has entirely disappeared and only the cream 
yellow shade of Cu,I, remains unchanged for at least a minute. The 
equivalent amount of reduced copper is determined by subtracting the 
cubic centimeters of thiosulphate used from the cubic centimeters of 
thiosulphate required in the blank titration on the Fehling solution. 
The blank determination must be made on the boiled solution, exactly 
as described in the actual determination, total volume also being brought 
up to 50 cc. with water. The necessity of boiling the blank is caused 
by the phenomenon of auto-reduction. This blank, once determined 
accurately, can be used in all subsequent determinations. The differ- 
ences between the amount of N/10 thiosulphate used for the blank 
and that used in the actual test, with the corresponding amounts of 
sugar, are given in the accompanying Schoor! reduction table. 

33 
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Some years ago the writer worked out a method for the determina- 
tion of Lintner diastatic power, expressed in “ Lintner degrees,” using 
the Schoorl method. Because of its relation to the above, this method 
is offered here in a condensed form. 

A 5% malt infusion is prepared in the usual way. One cc. of this 
filtered extract is left to act for 1 hour at 20° C. on 100 cc. of a boiled 
2% soluble starch solution in a 200 cc. volumetric flask, after which, the 
diastatic action is stopped with 3 cc. of 12% sodium tungstate and 3 cc. 
of 10% H,SO, (by volume). The flask is then filled with water to the 
200 cc. mark, and the contents thoroughly mixed. 25 cc. of the liquid 
is then transferred to a 300 cc. Erlenmeyer flask and treated exactly as 
described above. 

The Lintner diastatic action can be expressed either in milligrams 
of maltose per unit of malt extract, or in Lintner degrees, by the applica- 
tion of the formula—L, = 320 A/B—if B represents the blank titration 
expressed in cubic centimeters of N/10 thiosulphate on exactly 20 cc. 
of Fehling solution, and, A, the equivalent in cubic centimeters of N /10 
thiosulphate of the reduced copper, this being equal to the difference 
between A and the number of cubic centimeters used in the titration 
of the copper left in solution after the reduction in the actual test. 
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Introduction 


Considerable attention has been given in recent years by the Com- 
mittee on Methods of Analyses to the problem of evaluating the analyti- 
cal errors, both random and systematic, influencing the dependability 
of protein, moisture, and ash reports as they arise in routine determina- 
tions performed in different laboratories. From these studies (see an- 
nual reports of the aforementioned committee in this journal, also 
Treloar, 1928, 1929, 1930, 1932) certain principles have now been 
established with reasonable certainty. First, the tendency of certain 
laboratories or workers to err systematically from the general average 
is unmistakable. Some analysts report consistently too high, others 
consistently too low, if the general average is to be accepted as the best 
measure available of the true value for the analysis. Indeed this con- 
trollable systematic error appears to be of greater importance than the 
random error in determining the failure of analysts to reach complete 
agreement in their reports. Second, the random error, when gen- 
eralized within all laboratories, seems to be as often positive as negative 


‘ 


and accords reasonably well with the “ normal” law of error which has 
been extensively applied since the time of Gauss to variations arising in 
many different physical and biological connections. Thus the “ nor- 
mal” curve provides a suitable basis, at least as a first approximation, 
for determining the probability of occurrence of random errors of any 
given magnitude. Third, standard deviations of the generalized error 
curves for protein, moisture, and ash in a commercial type of bakers’ 
patent flour have been evaluated (Treloar, 1932) as 0.054%, 0.064%, 
and 0.004%, respectively. From these it follows that, on the average, 
error ranges approximating to 0.28% protein, 0.33% moisture, and 
0.022% ash may be anticipated in extensive replication within labora- 
tories for such a type of flour. 





1 Subcommittee report of Committee on Methods of Analysis. 
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The Problem 


Having proven the existence of systematic errors as a major cause 
of differentiation between laboratory reports, the next task is to evaluate 
this error as it applies to each individual laboratory. This is an essential 
step in order to direct the attention of the analysts concerned to the 
problem of either removing the source of error or correcting for it in 
all their reports. The former of these alternatives is by all means the 
more desirable to follow, since there is no guarantee that the systematic 
error does not arise in part from apparatus or chemicals which may be 
replaced in time by others not showing the same errors. Also, the fac- 
tors of human judgment influencing these errors are likely to show 
secular changes. 

With reference to the random errors of analysis, the conclusions so 
far have been drawn on the basis of a generalized distribution for all 
laboratories. While evidence has been presented to indicate that the 
random error is of greater magnitude in some laboratories than others, 
attempts have not been made as yet to classify analysts according to 
the extent of their random errors. 


The Data 


The determination of the magnitudes of these errors for individual 
laboratories calls for the accumulation of larger series of data than can 
ordinarily be secured in special collaborative work organized by the 
committee. Accordingly, it seemed advisable to direct attention to other 
sources. The routine collaborative work of the nature of “ check test- 
ing” carried on by certain of the local sections of the association pro- 
vides such sources. Therefore, a plan was laid before and adopted by 
the Northwest Section to permit of the accumulation of such data in the 
most useful form possible during the calendar year of 1932. The pres- 
ent report springs from a study of that data with special reference to 
the errors determinable as characteristic of the individual laboratories 
concerned. 

The data are drawn from the routine reports of 38 collaborators. 
Only the reports for protein, moisture, and ash analyses will be con- 
sidered. Determinations are available on 12 samples of wheat, 9 sam- 
ples of flour, and 2 samples of feed, distributed periodically during the 
year. Every determination made by each analyst was reported. The 
number of replicate analyses made on any one sample by the different 
analysts is as high as 8 for protein, 5 for moisture, and 7 for ash, the 
average number of replicates being 2.4, 1.7, and 2.0, respectively. The 
total number of analyses involved amounts to 1668 for protein, 953 for 
moisture, and 1078 for ash. 



































Sept., 1933 ALAN E. TRELOAR 479 


For obvious reasons, the collaborators will be referred to herein by 
number. Since the cost of reproducing the full tabulation of the basic 
data would be formidable, summaries of the pertinent statistics will 
alone be given here. The basic data is on file with the Northwest Sec- 
tion and may be consulted under code in the files of the senior author. 


Notation 


Let p, m, and a designate, respectively, individual determinations of 
protein, moisture, and ash, and a bar above these symbols designate the 
average value of the replicate analyses made by each collaborator on any 
one sample. Then if P, M, and A be the unweighted averages of the 
P, m, and 4 values for each sample, they will provide the most service- 
able estimates available of the true values of those constituents in the 
samples analyzed. The unweighted average is employed in order to 
avoid undue influence of the systematic error of any one analyst. 

Let N be the number of analyses of the same kind made by any 
analyst on the same sample of wheat or flour. Also, let n be the num- 
ber of samples analyzed by each collaborator for any given constituent. 
If the systematic error of any analyst be symbolized by £, then the most 
dependable estimate of E, available in the data for the given analyst will 
be given by the equation: 


n N my 

ko ae > F) 

. 2 r (1) 
» (N) 

Also, designating the random error by e, the best estimate of the magni- 


tude of this error for any analyst may be evaluated as the square root of 
a variance (e?) defined by the equation: 





E, = 


rE (3) 
o> "EM@)—a ” 


Results 


In terms of the above notation, Tables I, II, and III summarize the 

measures of error in the individual laboratories collaborating in this 

, study. Since all collaborators did not analyze the same number of 

samples nor make the same number of replications throughout, it is 

necessary to analyze the results for each collaborator individually in 
terms of the values of 3(N) and n. 





(a) Ranpom Errors 


The failure of any analyst to attain a degree of consistency in the 
results of replicate analyses that is in harmony with that generally at- 
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tained by his fellows should be a matter of considerable concern to the 
analyst if his error be excessive, and of like moment to the profession 
if certain members of the group attain much higher accuracy than that 
generally reached. In the present study, ¢ is the measure of consistency 
for each analyst and we proceed directly to an evaluation of the con- 
cordance of these values for each type of analysis. This may be ac- 
complished most readily by comparing the variance (e?) of each analyst 
with the average variance (e¢*) of all analysts, employing Fisher’s tables 
(1932) to evaluate the significance of the differences (e? — ’). 
Now é is given by the equation 


Im 
Le lXKN) —n 
y= m ’ 
LIX (N= a 


where m is the number of collaborators taken into consideration. Any 
positive value of (e*—&*) having a probability of occurrence due to 
chance alone of less than 1% may be challenged as representing an 
excessive lack of consistency, and the results of the analyst concerned 
might profitably be discarded in. any attempt to establish a measure of 
« which may serve as a standard in the sense that it is representative of 
the precision attained by the general body of more consistent workers. 
Such rejections may be performed successively, new values of ¢ being 
calculated each time until it appears that the remaining values of e differ 
from one another in a chance manner only (i.e., in the statistical sense). 
Unfortunately, Fisher’s tables do not permit of the evaluation of the 
probabilities themselves, but the rejections may be performed on the 
basis of values of z corresponding to (e? — ¢), where 


z= 1.1513[log,, e? — log,, ¢*], (4) 





(3) 


exceeding tabled values of z corresponding to the 1% point. 

By applying this procedure, we find the values of e asterisked in 
Tables I, II, and III, to have a lack of concordance in repeated analysis 
which is “ excessive,” and by rejecting their results secure the values 
of « given at the foot of the Tables. These values appear to be suitable 
standards of accuracy attainable routinely in the Northwest Section for 
the respective types of analysis considered. It will be noted that out 
of 238 cases considered, 36 show “ excessive” variability in replicated 
analysis. The proportion of collaborators rejected in establishing a 
standard is 8.5% for protein, 17.4% for moisture, and 21.3% for ash. 
Thus, consistency between collaborators for random errors is very 
much higher for protein than for the two other analyses, where the 
consistency is unfortunately quite low. 
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TABLE I 
SYSTEMATIC AND RANDOM ERRORS FOR PROTEIN DETERMINATIONS 
Col- 
lab- Wheat Flour Feeds 
ora- 
tor 
num- 
ber =(N) n E e XN) n E e X(N) n E e 
1 26 7 +.065* .031 4 1 —.097* .024 5 2 —.056 010 
2 21 11 —.025* .040 20 9 +.052* .053 2 2 +.014 
3 29 12 +.022* .069* 11 7 +.020 .044 6 2 +.023 057 
4 43 12 +.045* .074* 26 7 —.0O11 .033 7 2 +.107* .062 
5 4 4 —.035 15 8 +.035* .053 1 1 +.048 
6 35 12 —.041* .055 22 8 +.023* .041 6 2 +.114* .071 
7 36 9 +.066* .051 33 9 —.016* .030 9 2 —.008 .040 
8 18 12 —.014 .030 11 8 +.059* .020 4 2 —.018 .029 
9 24 12 —.040* .059 16 9 +.132* .000 3 2 +.096* .057 
10 47 12 —.020* .040 35 9 —O11 .036 7 2 +.113* .039 
11 16 11 —.029* .039 6 6 +.017 4 2 +.040 000 
12 44 12 +.008 .032 29 9 —.010 .033 4 2 +.075* .025 
13 17 11 #+.006 .082* 21 9 —.053* .079* 1 1 —.282* 
14 8 8 —.125* 7 5§ —.133* .064 3 2 +.005 .113 
15 34 12 +.061* .056 18 9 +.012 .047 4 2 —.071* .050 
16 36 11 +.043* .056 22 5 —.005 .021 8 2 +.124* .054 
17 48 12 +.000 .035 28 7 —.050* .025 8 2 —.146* .042 
18 7 3 —.038 .073 8 5 —.122* .025 5 2 —.098* .079 
19 34 12 +.003 .038 26 9 —.002 .037 6 2 +.119* .039 
20 14 11 —.131* .052 14 8 —.129* .048 4 2 +.012 100 
21 53 12 +.091* .056 45 9 +.007 .045 10 2 +.035 062 
22 12 4 —.083* .049 16 5 +.016 042 4 1 +.070* .006 
23 1 1 +.031 
24 17 #12 —.043* .058 12 6 +.059* .059 4 2 —.116* .023 
25 25 11 —.079* .057 22 9 —,060* .072* 4 2 +.054 .103 
26 12 10 +.110* .000 6 5 +.046* .000 2 2 —.281* 
27 14 12 —.018 .029 9 6 +.009 050 1 1 +.018 
28 
29 7 7 =+.046* 4 4 +.026 1 i —.212* 
30 25 12 +.201* .049 18 9 +.165* .034 6. 2 +.124* .049 
31 17 #12 —.061* .037 13 7 —.050* .028 4 2 +.082* .055 
32 17 12 —.011 #£.055 16 7 +.078* .071* 3 2 —.114* .078 
33 28 12 —.119* .061 22 8 —.056* .046 5 2 —.087* .053 
34 23 11 =+.123* .093* 15 9 +.067* .103* 5 2 +.042 .096 
35 21 9 —.016 .039 8 4 +.042* .023 1 1 —.082 
36 23 12 +.015 .037 23 9 +.001 035 5 2 —.045 .058 
37 37 12 +.013 .025 30 9 —.009 019 8 2 +.054* .035 
38 1 1 +.076 3 2 +.023 .064 
€ .046379 .036878 .055749 





‘ 


It is of interest to compare these “standards” for flour samples 
with those secured a year ago (Treloar, 1932). A comparison is made 
in Table IV, where, in addition to e, the average root variance is given 
before rejection of cases. It will be noted that the results of the 
present study agree splendidly with those of 1932 for moisture and ash 
in flour if all collaborators be considered, but that the consistency in 
protein determinations is better in the present study. After the cases 
showing “excessive” variation are rejected, however, the resulting 
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TABLE II 
SYSTEMATIC AND RANDOM ERRORS FOR MOISTURE DETERMINATIONS 














Col- 
lab- Wheat Flour Feeds 
ora- 
tor 
num- 
ber =(N) n E e XN) n E e X(N) n E e 
1 
2 19 11 +.052* .027 1i8 9 —.011 .013 2 2 ++.027 
3 22 12 —.032* .022 12 7 —.119* .071 4 2 —.218* .050 
4 1 1 —.138* 
5 4 4 +.041 15 8 +.102* .127* 1 1 —.055 
6 26 12 +.130* .032 16 8 +.043* .029 4 2 —.108* .061 
7 
8 17 12 +.010 .082* 11 8 —.152* .082 4 2 +.165* .058 
9 20 12 +.034* .028 17 9 +.048* .026 4 2 —.068* .041 
10 30 12 —.133* .052 28 9 +.017 042 5 2 —.203* .022 
11 16 11 +.021 049 6 6 —.088* 3 2 —.006 .071 
12 
13 
14 xs 8 —.031 8 5 +-.060* .030 2 2 —.018 
15 12 12 —.201* 12 9 +.014 .014 2 2 —.243* 
16 6 3 —.311* .000 
17 23 12 +.055* .038 14 7 +.024 027 4 2. +.382* .050 
18 
19 19 12 +.136* .032 9 +6 —.096* .096* 4 2 —.085* .058 
20 11 11 +.015 14 8 +.112* .037 2 2 —.043 
21 36 12 —.001 052 29 9 —.001 032 6 2 —.038 .017 
— 4 +.148* .065 16 5 —.054* .065 4 1 —.051 .050 
23 1 1 +.085 
24 17 #12 +.170* .057 11 6 +.054* .059 4 2 +.285* .029 
25 22 11 =+.021 052 21 9 +.145* .057 4 2 +.007 .074 
26 11 10 —.166* .014 5 5 +.084* 2 2 —.143* 
27 11 #11 #«2+.082* 9 6 —.061* .025 3 2 +.127* .071 
28 3 2 —.015 071 2 1 +.269* .141* 
29 13 12 —.007 071 13 9 +.067* .022 2 2 +.107* 
30 20 12 +.138* .155* 14 9 —.077* .108* 4 2 +.773* .016 
31 16 12 —.104* .000 11 7 +.003 .000 4 2 —.287* .000 
32 17 12 —.058* .013 16 7 —.174* .053 3 2 —.213* .014 
33 16 12 +.060* .087* 14 8 +.061* .104* 2 2 —.093* 
34 22 11 +.013 085* 15 9 +.005 152* 5 2 —.116* .058 
35 15 9 +.034* .067 8 4 +.098* .082* 1 1 —.055 
- 15 12 —.166* .041 16 9 —.061* .082* 3 2 —.114* .000 
3 
38 1 1 +.121* 3$ 2 +.121° 622 
€ .044452 .043336 .045475 





“ 


standard ” values are very much reduced in all cases. Thus, a con- 
siderably higher degree of consistency is maintained by the majority 
of analysts. This same degree of precision should be well within the 
reach of all. 

On the basis of the values of « secured above, which are entirely 
comparable to Pearsonian standard deviations, consideration will now 
be given to the systematic errors which characterize the results being 
studied. 
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TABLE III 
SYSTEMATIC AND RANDOM ERRORS FoR ASH DETERMINATIONS 


























Col- 
lab- Wheat Flour Feeds 
ora- 
tor 
num- 
ber =(N) n E e X(N) n E e X(N) n E e 
1 
2 27 11 =+.003 032* 27 9 +.009* .003 5 2 +.000 .011 
3 29 12 —.000 025* 13 7 +.002 004 5 2 +.043* .035* 
4 1 1 —.033* 
5 4 4 +.035* 15 8 +.003* .003 1 1 —.019* 
6 36 12 —.053* O11 19 8 —.002* .002 5 2 +.033* .006 
7 
8 18 12 +.032* .178* 10 7 +.013* .003 4 2 +.025* .013 
9 20 12 —.014* .010 15 9 —,.005* .003 4 2 —,046* .008 
10 35 12 +.003 015 27 9 +.001 005 5 2 —.016* .008 
11 15 10 —.010* .010 8 6 —.010* .005 4 2 —.007 .016 
12 
13 
14 9 8 —.015* .071* 9 5 +.004* .004 2 — .007 
15 36 12 +.005 014 20 9 —,.004* .002 5 2 —.076* .048* 
16 
17 29 12 +.034* .017 14 7 +.000 001 4 2 —.027* .009 
18 
19 
20 13 11 +.016* .021 14 8 +.005* .005 a. @2 .006 .008 
21 36 12 +.015* .014 29 9 +.007* .003 6 +.054* .002 
22 ii 4 +.024* .043* 16 5 +.001 004 3 1 —.015* .005 
23 2 1 +.018 021 
24 17 #12 —.021* .023 11 6 —.005* .005 4 2 +.024* .012 
25 22 11 +.025* .016 21 9 +.004* .003 4 2 +.049* .009 
26 ii 9 +.004 010 5 5 —.004* 2 2 —.012 
27 12 12 +.006 9 6 —.004* .010* 3 2 —.053* .009 
28 4 2 +.015 042* 2 1 —.020* .001 
29 18 12 —.011* . .034* 20 9 —,.008* .003 4 2 —.030* .008 
30 27 12 —.016* .009 17 9 —,.004* .003 7 2 —.019* .003 
31 15 12 +.007 012 11 7 +.001 .002 3 2 +.089* .004 
32 17 12 —.007 007 16 7 —.000 .009* 2 1 —.010 .007 
33 28 12 +.005 026* 19 8 —.007* .003 4 2 —.035* .005 
34 21 11 —.014* .043* 15 9 +,002* .004 5 2 +.001 .005 
za. 65 9 +.016* .051* 8 4 —.001 .004 1 1 +.270* 
a 30 12 +.007* .016 26 9 +.001 .007* 5 2 —.013* .027* 
38 1 1 —.014* 3 2 —.026* .000 
€ .014178 .003476 .007897 
TABLE IV 
A COMPARISON OF STANDARD DEVIATIONS FOR RANDOM ERRORS 
Analysis (1)! (2)? € 
Protein .0535 .0433 .0369 
Moisture .0642 .0646 .0433 
Ash .0042 .0044 .0035 





1 From Treloar (1932). 
? From present series before rejection of extreme cases. 
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(b) Systematic Errors 


The tendency of certain analysts to report determinations which are 
consistently too high or too low has been discussed several times in this 
journal. The series of data under consideration here do not provide 
an exception to the general rule, for systematic errors certainly do 
characterize the results. This is of special interest in view of the fact 
that most of these collaborators have been cooperating in the section 
activities to increase consistency in analysis for a number of years, and 
many have profited by the experience to the extent of endeavoring to 
remove, consciously or otherwise, the sources of those errors. We pass 
at once to a study of these individual systematic errors. 

In each case the value of E given in the tables is but an estimate of 
the true systematic error. The significance of the respective deviations 
of E from zero must be tested in order to evaluate the reality of the 
existence of a systematic error of the same sign as the estimate. Such 
a test must flow from the relation of E to e or e with due consideration 
of the magnitude of SN. We will employ e rather than e as a basis for 
testing the significance of E because of two factors: First, « has the 
greater dependability by far, since it is based upon almost all the analyses 
made; and second, the labor of computation is very greatly reduced by 
using a fixed value rather than the variable e. The criterion of signifi- 
cance in E will accordingly be over severe for those cases where e has 
been shown to be significantly higher than the “ standard ” value, e. 

Since the random error of a mean is N~-} times that of a single de- 
termination, the standard error of E equal to zero is e/V3(N). Also, 
the distribution of E follows the “normal” curve. Therefore, those 
values of E which exceed 2.3263 «/\/3(N) have probabilities due to 
chance of less than 1%, and any value of E which exceeds this magni- 
tude indicates the existence of a real systematic error of the same sign 
as that given and one approximating to the magnitude given. 

In Tables I, II, and III we indicate by an asterisk attached to the 
value of FE, the collaborators who, in respect to the general average, 
show significant systematic errors which make their reports consistently 
erroneous. The number of cases showing significant errors of this 
character is surely impressive. Their presence can be demonstrated 
even in such limited replication in approximately 60% of cases for 
protein determinations, and in approximately 70% of cases for moisture 
and for ash determinations. That is, approximately two-thirds of these 
analysts have rendered reports over a period of one year which are 
either too high or too low for the deviations to be accounted for by 
chance variations. 

It is of interest to study the frequency distributions of these sys- 
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tematic errors in order to comprehend better their importance, since 
that which is statistically significant may not necessarily be classed as 
important from certain practical points of view. The histograms are 
given in Figures 1, 2 and 3. 
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Fig. 1. Histograms for the distribution of systematic errors (in percentage protein). 


The method of procedure followed in evaluating the systematic 
errors necessitates their distribution be centered about zero. It may 
be, however, that the scale should be shifted somewhat in a positive 
or a negative direction depending on the relation of the actual average 
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Fig. 2. Histograms for the distribution of systematic errors (in percentage moisture). 
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secured for each sample to the true value.*_ The latter remains unknown 
because of the lack of a method of analysis which is universally accept- 
able as being absolutely correct in its results. 

The fact that the distribution of systematic errors is reasonably sym- 
metrical, certainly not highly skew, would seem to indicate that either 
the average value approaches the true value reasonably well, or that 
there is a considerable pressure on analysts to regard the average value 
as being the true value. Thus the bulk of the frequency for E is con- 
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Fig. 3. Histograms for the distribution of systematic errors (in percentage ash). 


centrated around the value of zero. Analysts diverge from this value 
with rapidly decreasing frequency as the divergency increases. Never- 
theless, several show wide divergence and the importance of their errors 
must be regarded as considerable in any cooperative work. 

In general, the systematic errors in the analyses of flour are some- 
what less than those encountered in analyzing wheat or feed. This 
is strikingly demonstrated in the case of the ash analyses. Since only 
two samples of feeds were distributed, the results for this material must 
not be given much weight. It would appear valid to conclude only 
that the systematic errors are of the same order as for wheat samples. 


Conclusions 


The present study is offered as an illustration of procedure in eval- 
uating the systematic and random errors of a number of chemists who 





2 Perhaps there is a tendency for all methods customarily employed for a given analysis to fail 
to record the existence of a small increment of the constituent, or to record as the constituent being 
analyzed some small increment of an extraneous substance. The philosophical contemplation of this 
subject is full of value. A thorough consideration of the problem in a research manner would con- 
tribute most valuable results to the general subject of the selection of desirable techniques in all types 
of analyses. 
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have been cooperating for a considerable period of time in an endeavor 
to attain concordance in the determination of protein, moisture, and 
ash in wheat and its products. The demonstration of the wide occur- 
rence of systematic errors, many of them of considerable importance, 
lays the foundation for a challenge that careful investigation is needed 
everywhere in the matter of detecting persistent sources of error in these 
most important analyses. On the other hand the magnitudes of random 
errors in different laboratories are reasonably consistent, only a minor 
proportion of analysts being chargeable with “ excessive ” chance errors. 

While precise evaluation of random errors may be made at any 
time within laboratories individually, the determination of systematic 
errors may only be secured through cooperation between laboratories. 
It would appear desirable that both types of error should be checked 
periodically for magnitude. To facilitate this, consideration might be 
given to the establishment of an analytical check service, national in 
scope and so authoritative in its decisions as to provide a powerful force 
for the establishment of greater precision in important routine chemical 
determinations. 
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REPORT OF THE SUBCOMMITTEE ON SELENIUM AS A 
KJELDAHL CATALYST IN THE CEREAL 
LABORATORY 


C. F. Davis anp M. WIsE 


Western Star Mill Company, Salina, Kansas 


(Read at the Convention, June, 1933) 


Since Lauro (1931) proposed the use of selenium as a catalyst in 
the Kjeldahl digestion for nitrogen determinations, considerable interest 
has been exhibited among cereal chemists as to the value of this new 
agent. Rich (1932), Sandstedt (1932), and Messman (1932) have 
contributed to our information on this subject. 

The object of this paper is to present further information relative 
to the use of selenium as a Kjeldahl catalyst, and to present the results 
of collaborative study.. 

The extra high heat type of electric digestion heaters used in this 
laboratory, as described by Davis (1930), should give a digestion con- 
dition in which some of the limitations and comparative values of the 
catalyst selenium could be encountered. The data presented in this 
paper are based on the intense digestion heat, as mentioned above, and 
this must be borne in mind in the final interpretation of results. 


Materials Used 


Two samples were used in this investigation, a sample of straight 
grade bakers’ flour and a sample of iuil-run in which the protein con- 
tent, by the official A. A. C. C. method, was 12.62% and 16.88%, re- 
spectively. Catalytic agents used were powdered metallic selenium, 
metallic mercury, and copper wire. 


Amount of Selenium to Use 


The experimental conditions not specified are those described in the 
A. A. C. C. methods for the Analyses of Cereals and Cereal Products 
(1928). In Table I we have the results of where increasing amounts 
of selenium was used instead of mercury in the digestion, and precipitat- 
ing agents were left out of the caustic solution. When 50 mgs. or 100 
mgs. were used in each test, the greatest clearing up speed was attained 
with the lowest loss of selenium compounds to the vapor tube. This 
loss was exhibited by reddish-brown deposits in the neck of the flask 
and on the lead vapor tube. In the remaining tests with selenium, 75 
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TABLE I 


EFFECT OF INCREASING AMOUNTS OF SELENIUM IN THE KJELDAHL METHOD 
(40-minute digestion period) 











Amount of Flour Mill-run 
Selenium (N X 5.7) (N X 6.25) 
Gms. P. a. r. a. 

.005 12.54 

.010 12.62 16.88 
.025 12.64 16.84 
.050 12.62 16.90 
.100 12.62 16.88 
.200 12.60 16.84 
.400 12.35 16.66 
.800 11.92 16.26 
1.200 11.86 

1.600 11.74 15.82 





mgs. was used for each digestion. With this amount in routine work, 
the vapor tube became coated with a red-brown film, but we were unable 
to make any conclusive experiments as to whether these deposits were 
in any way detrimental to the lead tubing. 


Catalytic Action versus Increasing Sulphate Concentration 


Mercury and copper are common catalysts in use in the nitrogen 
determination of cereal products. When these agents are used singly 
they give the methods generally known as the Kjeldahl and Gunning 
methods, respectively, and when used together give what is known as 
the Kjeldahl-Gunning-Arnold Method. With the advent of a new 
catalyst, the use of new combinations of these agents arises. The justi- 
fication for the combination being that the advantages of each agent is 
obtained in the digestion. 

In order to make a more complete study of the use of selenium and 
the combinations in which it can possibly be used with mercury and 
copper, experiments were made using each catalyst separately and all 
possible combinations of the three catalysts. With 75 mgs. of metallic 
Se, 0.5 gms. of Hg, and 0.1 gm. of metallic Cu used as catalysts, the 
blank titrations were the same in all instances. In Table II we have 
the data using these three catalysts and their possible combinations 
when increasing amounts of sulphate were added to the tests. This in- 
formation is considered valuable because it is sometimes convenient to 
shorten the digestion period by increasing the sulphate concentration 
in the digest. When the catalysts were used separately we found Hg 
to give considerably higher results when higher sulphate concentrations 
were used. Results were fairly dependable when as high as 16 gms. of 
sulphate was used per test with Hg, while this concentration in the 
digest gave unreliable low results with Cu and Se. In the combinations 
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TABLE II 
Errect oF INCREASING AMOUNTS OF POTASSIUM SULPHATE WITH DIFFERENT CATALYSTS AND THEIR 
COMBINATIONS UPON THE PERCENTAGE OF PROTEIN 
(40-minute digestion period) 








gms. 
Sul- 0.5 gm. 0.075 gm. 0.igm. O5gm.Hg+ O5gm.Hg+ 0.1gm. 
phate Hg Se Cu 0.075 gm.Se 0.1gm.Cu 0.075 gm. 





Per cent protein in flour 


Per cent protein in mill-run 


16.44 16.88 16.84 
16.62 16.74 16.84 
16.84 16.62 16.88 
16.88 16.35 16.80 
16.30 15.44 16.20 
13.26 12.72 15.57 





of catalysts the Hg-Cu and Cu-Se combinations give the highest results 
when the higher sulphate concentrations were used, the Hg-Se and 
Hg-Cu-Se combinations giving low results even with normal amounts 
of sulphate per test. From these results it appears that any combination 
of catalysts, in which Hg-Se are involved the sulphate concentration 
should be kept low to prevent lew results. 


Catalytic Action versus Digestion Time 


The time required for digestion is a factor of vital importance in 
most analytical work, especially in the commercial field. The cause 
for attention being diverted to this new catalytic agent is that it permits 
a shorter digestion period to be used and no precipitating agent is neces- 
sary. Using the same combinations of catalysts as above, when increas- 
ing amounts of sulphate were used, a series of experiments were made 
with digestion time as the variable factor. In this work the heaters 
were kept in continuous operation with heater blocks up to maximum 
temperature. When the catalysts were used separately they gave re- 
liable results through the 90 minute digestion period (Table III) except 
a possible slightly lower yield in the case of selenium in the longest 
period. When the results from combinations are examined, we find 
the Hg-Cu combination to give reliable results through the entire diges- 
tion period, while in the remaining combinations the results were defi- 
nitely lowered with prolonged digestion. It appears that the Hg-Se 
and Hg-Cu-Se combinations give reliable results through a shorter 
digestion than the other combinations. Because the results with the 
Hg-Cu-Se combination began to fall off close to the 30-minute period, 
a series of tests were made with this combination, using one-half the 
previous amount of each catalyst. The tabulations in the last two 
columns of Table III show that the decrease in the quantity of the cata- 
lysts gave an improvement, but the reaction to prolonged intense diges- 
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TABLE III 
RELATIVE SPEED OF DIGESTION WITH DIFFERENT CATALYSTS AND COMBINATIONS 








10 gms. sulphate with 

Min- 
utes Hg0.25gm. Hg0.5 gm. 
di- Hg Cu Se Hg0.5gem. HgO0.5gm. CuO.igm. Cu0.05gm. Cu0.igm. 

gested 0.5gm. 0.1 gm. 0.075 gm. Cu 0.1 gm. Se 0.075 gm. Se 0.075 gm. Se 0.0375 gm. Se 0.075 gm. 








Per cent protein in flour 


12.40 , ; J 12.46 
12.50 . A 4 , 12.50 
12.56 , , ‘ 12.56 
12.62 . d J , 12.62 
12.62 ‘ J ‘ . 12.62 
12.64 ‘ , . , 12.62 
12.64 ‘ , J . 12.50 
12.64 . ‘ . - 12.18 


Per cent protein in mill-run 

16.28 . . 16.80 16.62 16.70 
16.50 83 . 16.88 16.70 16.82 
16.79 . ‘ 16.88 16.84 16.88 
16.83 ; . 16.88 16.84 16.88 
16.88 . ‘ 16.80 16.84 16.88 
16.88 . ‘ 16.75 16.88 16.84 
16.88 . . 16.62 16.80 16.64 
16.84 * . 16.53 16.60 





tion was still not desirable. These figures lead one to believe that the 
catalyst combination is a more important factor than the amount of 
catalyst used. 


Collaborative Study of the Use of Selenium 


The two samples used in the experiments in this laboratory were 
submitted to the following association members for collaborative study : 


C. E. Rich M. D. Mize 

J. T. Flohil H. M. Butler 

R. K. Durham C. F. Davis 

C. E. Mangels D. A. Coleman 
H. W. Putnam R. M. Sandstedt 


Request was made that eight determinations be made on each sample 
by each of the following methods : 

Method I. The protein procedure as described in Methods for 
the Analysis of Cereals and Cereal Products (1928) Chapter I, Section 
5, Part (A). 45-minute digestion period. 

Method II. Same as method I except the mercury catalyst is 
omitted and 75 mgs. of selenium added in its place. No precipitating 
agent to be used with the caustic. 

Method III. Same as method II except the digestion period is 
doubled or extended to 90 minutes. 

All laboratories used the same supply of powdered metallic selenium. 
Each collaborator used his own supply of mercury or mercuric oxide 
and in some cases the blank titrations were different between methods 
I and II necessitating the use of a different correction factor for each 
method. 

34 
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In Table IV are recorded the data obtained from these ten repre- 
sentative laboratories with each figure reported being an average of eight 
determinations. The wattage rating and normal digestion time in each 
laboratory is tabulated as a part of this information. However, the 
actual intensity of heat used in each laboratory cannot be definitely de- 
scribed since variations in voltage, age of heating elements, and efficiency 
of heaters cause heaters of the same wattage rating to give variable 
results between laboratories and within the same laboratory. 

When a comparison (Table V) is made of the means and standard 
deviations (adjusted to sample size) for methods I and IL and methods 


TABLE IV 


A COLLABORATIVE REPORT! ON THE USE OF SELENIUM AS A KJELDAHL CATALYST 
ON NORMAL AND PROLONGED DIGESTION PERIODS WITH THE A. A. C. C. PROCEDURE 











Method I Method II Method III 
45 minute 45 minute 90 minute 
Collab- Normal digestion digestion digestion 
borator diges- period period period 
num- Wattage tion A.A.C.C. with with 
ber used time procedure o¢ selenium o selenium o 
Per cent protein in mill-run (N X6.25) 
1 550 60 16.986 .050 16.863 .033 17.027 .027 
2 550 45 16.833 .075 16.972 .063 17.072 .065 
3 500 35 16.722 .046 16.525 .048 16.737 .050 
4 600 40 17.022 .030 17.023 .052 17.078 .051 
5 600 30 16.895 .040 16.800 .069 16.581 451 
6 600 30 16.901 041 16.871 .029 16.830 .036 
7 600 40 16.780 .017 16.634 O11 16.657 .035 
8 600 30 16.876 .049 16.860 .028 16.734 .055 
9 550 45 16.907 .103 16.660 .243 16.501 .306 
10 Gas 45 16.868  .056 16.845 .051 16.781 .085 
Mean 16.879 .0511 16.805 .0631 16.800 .0866 
o (Corrected) .0566 . .0699 .0960 
Per cent protein in flour (N X5.7) 
1 550 60 12.805 .051 12.770 .084 12.775 .048 
2 550 45 12.531 .049 12.662 .069 12.656 .052 
3 500 35 12.513 .022 12.351 .065 12.470 .057 
4 600 40 12.825 .025 12.693 .025 12.740 .000 
5 600 30 12.727 .017 12.677 .087 12.512  .063 
6 600 30 12.648 .041 12.602 .024 12.586  .030 
7 600 40 12.637 .006 12.501 .009 12.495 .007 
8 600 30 12.660 .034 12.650 .033 12.570 .045 
9 550 45 12.790 .056 12.461 231 12.168 .119 
10 Gas 45 12.605 .038 12.603 .032 12.613 .042 
Mean 12.674  .0344 12.597  .0663 12.538 .0467 
a (Corrected) .0381 .0735 .0518 





‘ Each report is a mean of eight replications. 


III and II for both samples on the basis of 80 analyses, we find an 
indication of significant differences in most cases. It should not be in- 
ferred, however, that the differences in means are to be attributed to 
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method alone. There is a correlation of + .85 between the values for 
methods I and II for the two samples, and this is clearly significant. 
Such correlation would not exist in the absence of systematic error char- 
acterizing the work of individual analysts. Nine out of ten collaborators 
get lower results using selenium, yet only half get a lower result digesting 
for the longer period of time. The differences between I and II reflect 
systematic errors to such an extent here that no outstanding conclusions 
can be drawn about the effects of selenium alone. 


TABLE V 


A COMPARISON OF THE MEANS AND STANDARD DEVIATIONS OF METHODs I AND II 
AND MeETHODs III aAnp II 

















Means Standard deviations 
Diff. S.E.p. D/S.E.p. Diff. S.E.p. D/S.E.p. 
Mill-run I-II + .0738 .01006 7.34 — .01325 .00711 1.86 
II-III + .0054 .01327 0.41 — .02608 .00938 2.78 
Flour I-Il +.0770 .00926 8.32 — .03541 .00655 5.41 
II-III + .0586 .01005 5.83 + .02174 .00711 3.06 
Conclusions 


Selenium may prove quite satisfactory in the hands of some, yet be 
blamed for poor results by others. The indications favor a lower 
result with its use, which may of course be compensated for by careful 
research by each collaborator into the matter of time of digestion, in- 
tensity of heat applied, and the amount of sulphate used in the digestion 
mixture. 

As a Kjeldahl catalyst selenium does not appear to be as universally 
adaptable to general laboratory conditions as does mercury, and its use 
in combination with common catalysts, especially mercury, is to be dis- 
couraged. 


Literature Cited 


American Association of Cereal Chemists. 
1928 Methods for the analysis of cereals and cereal products (with reference 
tables). Lancaster Press, Lancaster, Pa. 
Davis, C. F. 
1930 Wheat protein test digestion studies. Cereal Chem. 7: 518-525. 
Lauro, M. F. 
1931 Use of selenium as catalyst in determination of nitrogen by Kjeldahl 
method. J. Ind. Eng. Chem. Analytical Edition, 3: 401-402. 
Messman, Henry C. 
1932 Metallic selenium as a catalyst in Kjeldahl digestion. Cereal Chem. 
9: 357. 
Rich, C. E. 
1932 A note on the use of selenium oxychloride as a catalyst in determination 
of nitrogen by the Kjeldahl method. Cereal Chem. 9: 118~120. 
Sandstedt, R. M. 
1932 A note on the use of selenium as a catalyst in the Kjeldahl digestion 
with natural gas. Cereal Chem. 9: 156-157. 





REPORT OF THE SUBCOMMITTEE ON THE VISCOSITY 
TEST FOR SOFT WINTER WHEAT FLOURS 


E. G. BayFie.p,' Chairman 


Ohio Agricultural Experiment Station, Wooster, Ohio 
(Read at the Convention, June, 1933) 


Published results of various investigators and reports of previous 
subcommittees dealing with the usefulness and value of viscosity tests 
show that the problem is controversial. Examination of the literature 
and practical experience in carrying out these tests using different pro- 
cedures indicates that a large part of this lack of agreement between 
different workers is due to the multiplicity of methods being employed 
by different laboratories. The main object of this subcommittee during 
the past year has been to try to obtain a satisfactory practical technique 
suitable for trial and use among the soft wheat workers. It seemed 
desirable to restrict the territory to be covered to this one class of flours 
in order to make the problem as simple as possible. 

From the beginning it seemed to the chairman that the greatest head- 
way and the most speed would be obtained by attacking the problem in a 
collaborative manner. The progress made has been entirely due to the 
wholehearted cooperation and interest shown by the group which has 
provided information regarding methods actually being used, by provid- 
ing flour samples, by running collaborative tests on these samples, and, 
finally, by constructively criticizing the results. While the problem is 
not yet solved it appears as though considerable progress has been made. 

The project as carried out to date is as follows: 

1. An extensive canvass was made of the industry regarding methods 
employed. Confidential details of methods were obtained from a large 
number of mills and laboratories. 

2. From a considerable number of flours milled for specific trades. 
nine samples were selected for collaborative testing. Their character- 
istics are given in Table I. 

3. Certain of the more extensively used procedures were tried out by 
the chairman and various modifications worked with in order to arrive at 
the suggested tentative procedure to be given later. 

4. The nine flour samples were sent to a small group for testing, us- 
ing the method customarily employed in their respective laboratories. 
The results of these tests are given in Table II. 





‘ Associate in Agronomy (Cereal Chemistry) and The National Milling Company Fellow for Ohio. 
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TABLE I 
DESCRIPTION OF COLLABORATIVE FLOUR SAMPLES 











Sample Trade use Class of Extrac- Protein Ash Moisture 
number of flour wheat tion (flour) (flour) (flour) 
Pd. Pa Pas P.ct. 
1 Bakers’cakeand pastry S.R.W. 90 8.6 33 11.0 
2 Cake S.R.W. — 8.2 .29 15.1 
3 Cracker sponge S.R.W. 95 8.5 34 13.8 
4 Cake S.R.W. — 7.7 32 14.0 
5 Pastry, piecrust, cookies White 90 7.4 35 11.2 
6 Pastry S.R.W. _ 8.6 Al 12.8 
7 Cracker dough W.&S.R.W 95 7.9 .39 11.5 
8 Cracker sponge S.R.W. 95 8.7 .38 12.4 
9 General household, bread S.R.W. _ 8.5 ae 11.1 





115% moisture basis. 


5. A tentative method was serit to the collaborating group for criti- 
cism and suggestions. 

6. A second lot of samples drawn from the original nine flours was 
sent to each collaborator for testing according to the suggested tentative 
procedure. ‘The results are presented in Table III. 

7. Dr. George Garnatz, of the Kroger Food Foundation, kindly of- 
fered to provide space and supervision for Mr. W. Reiman, a graduate 
student of the University of Cincinnati, for an independent project 
whereby a series of flours of wide origin were to be tested by a number 
of different viscosimetric procedures. 

8. A series of 100 experimentally milled flours was subjected to the 
tentative procedure by the chairman. These data are being analyzed 
statistically but have not been completed up to the time of writing this 
report. It is expected that this material will be published at a later date. 

Table I gives certain data regarding the flou. samples used in the 
collaborative studies. All these flours were unbleached as it seemed 
desirable to use unbleached flours in order to avoid the variations arising 
from different dosages and bleaching agents being employed by the dif- 
ferent donors of the flours. Protein and ash figures are given on a 
15% moisture basis. With two exceptions (Samples No. 5 and 7) these 
flours were milled from all soft red winter blends. Sample No. 5 is an 
all soft white winter blend and Sample No. 7 is a soft red and white 
wheat blend. 

About 15 pounds of each of the above flours were provided through 
the courtesy of a number of different mills. In some cases the product 
actually sold on the market was bleached. In such cases the samples 
were taken specially for this study before the flour was given this treat- 
ment. As the samples were received they were carefully mixed, placed 
in glass jars with tight covers, and stored in cold storage held at ap- 
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TABLE III 
COLLABORATIVE Viscosity DATA OBTAINED USING THE PROPOSED VISCOSIMETRIC 
PROCEDURE 
Collaborator 
Sample C D E F G H I 
Viscosity in degrees MacMichael—no acid 
1 12 13 17 9 8 11 11 
2 9 13 16 8 7 9 10 
3 14 11 12 9 6 8 10 
4 10 13 13 8 8 10 11 
5 10 11 17 8 8 9 10 
6 7 10 12 5 7 9 8 
7 9 11 12 5 8 9 9 
8 8 10 13 6 7 8 9 
9 12 11 14 10 10 11 12 
Viscosity in degrees MacMichael—1 c.c. acid 
1 30 35 43 35 36 33 36 
2 45 50 63 41 53 46 49 
3 40 39 55 35 40 33 38 
4 30 33 42 27 35 28 32 
5 14 14 24 13 17 14 14 
6 12 17 35 15 18 12 16 
7 10 12 20 10 12 10 11 
8 17 21 43 17 20 16 21 
9 54 55 75 53 58 51 53 
Viscosity in degrees MacMichael—-3 c.c. acid 
1 47 51 57 49 55 49 51 
2 59 63 69 53 69 60 64 
3 59 59 70 54 63 53 59 
4 44 46 49 36 48 39 43 
5 20 20 29 18 24 19 21 
6 36 39 52 32 42 38 41 
7 18 21 27 16 20 19 19 
& 42 44 60 36 46 42 44 
9 80 83 97 71 84 74 82 
Viscosity in degrees MacMichael—5 c.c, acid 
1 51 53 59 52 59 51 54 
2 60 63 65 54 70 59 65 
3 63 63 70 57 65 55 63 
4 47 47 50 37 50 40 45 
5 22 21 30 18 26 20 22 
6 44 48 53 37 48 41 46 
7 20 23 28 18 22 20 21 
8 48 50 61 42 51 47 50 
9 84 85 97 75 88 75 86 
Viscosity in degrees MacMichael—7 c.c. acid 
1 53(4)! 54(4) 58(5) 53(3) 59(4) 49(4) 54(4) 
2 60(3) 62(3) 60(3) 53(3) 70(2) 57(2) 63(2) 
3 62(2) 63(2) 67(2) 56(2) 65(3) 53(3) 62(3) 
4 48(6) 47(7) 51(7) 37(7) 50(6) 39(7) 46(7) 
5 21(8) 22(9) 30(8) 19(8) 26(8) 20(8) 22(8) 
6 44(7) 49(6) 53(6) 38(6) 48(7) 42(6) 47(6) 
7 20(9) 23(8) 28(9) 18(9) 22(9) 20(8) 21(9) 
8 49(5) 51(5) 60(3) 41(5) 52(5) 46(5) 51(5) 
9 85(1) 85(1) 97(1) 77(1) 88(1) 75(1) 85(1) 














1 Figures in brackets refer to relative ranking in order of decreasing magnitude. 
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proximately 40° F. After the complete set was assembled, subsamples 
were taken for analysis and a sample sent with these analyses to the 
several collaborators. These collaborators were so chosen so that the 
main types of viscosimetric procedures being used in various laboratories 
were represented. It was not feasible to send samples to all those inter- 
ested in the project. The results obtained on these samples are given 
in Table II. For the sake of brevity only the final viscosity readings 
are given from those collaborators using more than one increment of 
lactic acid. Data given as from collaborators A and I were obtained by 
the chairman using two different methods. 

Examination of the outline of the methods used by the various col- 
laborators shows considerable variation both in making the suspension 
and in carrying out the actual viscosity determination itself. Expe- 
rience has indicated to the author that any viscosimetric procedure is 
empirical and any variations in technique, although possibly appearing 
trivial in some cases, will produce differences in the results. Thus a 
series of tests, where the variable was using different amounts of water 
in making the flour paste, gave consistently different relative results. 
These differences are relatively unimportant as long as the data is being 
used by the particular worker ¢oncerned but they produce confusion 
in collaborative work when several laboratories are interested in pro- 
ducing comparable data. 

After studying the data in Table II as well as extensive correspond- 
ence it seemed advisable to concentrate on a method using several in- 
crements of lactic acid as this type of procedure appeared to be rather 
widely used and in certain laboratories had been used for quite a number 
of years. From correspondence with these laboratories the several in- 
crement method was said to give information regarding both ash and 
protein content, whereas the single addition of lactic acid was con- 
sidered as being less informative regarding the ash, being more directly 
related to the protein content alone. Depending upon the information 
desired it would appear that there is probably a useful place for each 
type of test. Considering the data in Table II, and the relative rankings 
in particular, the results were even more promising than initially ex- 
pected. The method used by collaborator C, in which flour representing 
a definite amount of protein was used, will bear further investigation 
although time prevented testing this method during the past winter. 

Following the above work, a suggested tentative procedure was for- 
warded to each collaborator for criticisms and suggestions. This sug- 
gested method is given on pages and met with general approval. 
Collaborator C suggested the possibility of further simplifying the 
method by substituting one addition of lactic acid in place of the last 
three separate additions of 2 cc. each of lactic acid. To do so, however. 
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would reduce the value of the suggested test in so far as obtaining data 
on the buffering effect of the ash in the flour is concerned. This 
question will have to be left open at this time. The results given in 
Table III were obtained following the suggested method. 

For these tests second subsamples were obtained for all collaborators 
from the main bulk of flour which had been kept in cold storage during 
the interval. This seemed desirable in order to reduce any variation 
which might occur due to variable aging effects arising from different 
storage conditions in the various cooperating laboratories. 


Suggested Procedure for Viscosity Determinations 


Standard equipment. MacMichael viscosimeter using a No. 30 
wire, disk bob, speed 12 r.p.m. (Before making any determinations 
check for zero point, correctly level the machine, check speed, and see 
that torsion wire is adjusted flush with chuck in end of spindle.) 

Preparation of flour suspension. Use 20 gms. of flour on a 15% 
moisture basis. Place 50 cc. distilled water in a mortar, add flour and 
work into a smooth paste. Use as little pressure on pestle as possible 
to avoid the formation of foam and gluten development. Pour flour 
paste into viscosimeter cup, rinse out mortar with a second 50 cc. of 
distilled water. Pour rinsings into cup, add 2 drops of caprylic alcohol, 
stir a few times with disk bob, place cup on machine, stir a few times 
and then sample is ready for the first viscosity reading. From 45 to 
60 seconds will be required to make the paste in the mortar, the exact 
time depending upon the sample. A 50 cc. automatic pipette is con- 
venient for measuring the water required. 

The viscosity determination. The bob is correctly suspended in the 
freshly agitated suspension and the reading is taken. Dampen the 
swings by placing a finger on the indicator pointer and then gently touch 
the swinging dial. 

The second and subsequent readings are made after adding 1, 2, 2, 
and 2 cc. of normal lactic acid, respectively, a total of 7 cc. The second 
reading is obtained as follows: After stopping motor the bob is detached 
with the right hand and used for agitating the suspension using an up 
and down, back and forward, circular motion. With the left hand add 
1 cc. of acid (use a 1 cc. pipette). Stir 25 times after commencing flow 
of acid (this stirring requires 11 seconds). Re-suspend bob and take 
reading. The remaining readings are obtained in the same way as de- 
scribed above excepting that 2 cc. of acid are added each time (use a 
2 cc. pipette). 

General Remarks. The above test is empirical and truly comparable 
results will be obtained only if the procedure is the same for all tests. 
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The tests at Wooster are made in a laboratory where the temperature is 
held as closely as possible to 80° F. Approximately 10 minutes are 
required for making the suspension and obtaining the readings under 
the conditions existing in this laboratory. If the readings are taken 
without dampening the swinging dial then 12 minutes are required. 
Duplicated determinations should give readings which check 1° to 
2° MacM. If duplicated readings vary more than 4° they should be 
repeated. 

An examination of the data in Table III indicates that the order of 
relative rankings between the various collaborators is in much closer 
agreement than in the case of the data from the same flours given in 
Table II. Individual determinations between collaborators C, D, G, 
and I check quite well, F and H run somewhat low, and E is consistently 
higher than everyone else. No satisfactory reason for these differences 
is evident but E states that he uses an old model viscosimeter which may 
account for his higher readings. Collaborator H stated that he modified 
the outlined procedure to some extent. However, it would appear that 
it is possible to obtain satisfactory checks between different laboratories 
provided that all adhere to a uniform standardized technique. 


Conclusions 


A survey of mills and laboratories engaged in the soft wheat in- 
dustry indicates that the viscosity test is rather widely used and is 
considered of value in this flour trade. 

A procedure has been outlined and given, preliminary trials which 
indicate that duplicate determinations in a single laboratory may be 
readily checked to within two degrees MacMichael. Collaborative data 
indicate that results between different laboratories should check within 
five degrees MacMichael provided that sufficient care be given to stand- 
ardizing of the technique and equipment. 

A mechanical method for making the flour-water suspension would 
be very desirable if practical and not too expensive. To eliminate dif- 
ferences in results obtained from old and new model MacMichael vis- 
cosimeters it may prove necessary to standardize all machines. 

Work in progress as well as correspondence at hand indicates that 
by means of viscosity, relatively small differences due to variety of 
wheat, variations in ash, and variations in protein content may be 
measured. 
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REPORT OF THE SUBCOMMITTEE ON METHODS FOR 
CHEMICAL LEAVENING AGENTS 


F. A. Cotiatz, Chairman 


General Mills, Inc., Minneapolis, Minnesota 


(Read at the Convention, June, 1933) 


The task assigned this subcommittee was the compilation and de- 
velopment of methods for chemical leavening agents. 

It has not been our purpose to give full and complete methods for 
analysis of chemical leavening materials, but have selected those methods 
which would find frequent use in the cereal laboratory dealing with self- 
rising flours and other products chemically leavened. Where more 
detailed methods of analysis are needed, reference can be made to the 
chapter on “ Baking Powders and Baking Chemicals” in the Methods 
of Analysis of the A. O. A. C. 

The following methods are frequently used by cereal chemists and 
should be included in compilation of methods for cereal chemists: (1) 
Total carbon dioxide (gasometric) in baking powders; (2) total car- 
bon dioxide (gasometric) in self-rising flour; (3) residual carbon di- 
oxide; (4) neutralizing value of calcium acid phosphate. 











ERRATUM 


A Five-Year Summary of the Monthly Check Sample Reports 
of the Pioneer Section of the A. A. C. C., C. F. Davis and M. Wise. 
Volume X, page 210, for Table IV substitute following table: 


TABLE IV (Corrected) 


An ANALYSIS OF INDIVIDUAL RECORDS ON 58 PIONEER SECTION COLLABORATIVE 
SAMPLES FOR PROTEIN DETERMINATION 




















= 
Number Mean error aT Es 
Coll. of reports E EVN _ Stan. dev. 
number N o-@ .6745 o a 1st series 2d series 
1 56 — .0289 —4.8 .0660 —3.5 —1.8 
2 33 +.1491 +5.2 .2440 +18.4 eliminated 
3 58 — 0406 —8.4 0543 —5.0 —3. 
4 48 — .0028 — 3 0921 — 3 +1.6 
5 58 — .0428 —9.2 0521 —5.2 —3.6 
6 54 + .0056 + ,.6 1005 + 7 +2.2 
7 51 + .0029 + 3 .0978 + 3 +2.6 
8 57 — .0225 —3.4 0724 —2.7 —1.0 
9 57 — .0206 —3.1 .0743 —2.5 — .7 
10 33 + .0105 + 8 .1054 +1.3 +3.3' 
11 54 + .0733 +4.7 .1682 +9.0 eliminated 
12 47 — .0042 — 4 .0907 — 5 +1.4 
13 53 — .0411 —8,.2 .0538 —5.0 —34 
14 58 + .0408 +3.4 1357 +5.0 eliminated 
15 32 — 0451 —7.6 0498 * —5.5 —3.9 
16 52 — .0121 —1.5 .0828 —1.5 — 4 
17 46 — .0243 —3.5 .0706 —3.0 —1.2 
18 51 + .0303 +2.5 i2SZ.. +3.7 eliminated 
19 52 — .0185 —3.2 .0764 —2.2 —, 
20 49 — .0050 — 6 .0899 — 6 +1.3 
21 37 + .0395 +2.6 .1344 +4.8 eliminated 
22 57 + .0453 +3.6 .1402 +5.6 eliminated 
23 47 + .0041 + 4 .0990 + .5 +2.5 
24 53 +.0021 + .2 .0970 + .2 +2.2 
25 37 — .0139 —1.5 .0810 —1.7 — .l 
26 55 — .0333 —5.9 .0616 —4.1 —2.3 
27 30 — .0035 — 3 0914 — A +1.4 
28 20 + .0095 + 6 .1044 +1.1 +3,2! 
29 50 — .0335 —5.7 .0614 —4.1 —2.6 
30 45 — .0266 —3.9 .0683 —3.2 —1.5 
31 30 + .0081 + 6 1030 +1.0 +3.0! 
ist total 1,460 First @ .0949 + .0081 N = 31 
2nd total 1,170 Second @ .0798 + .0076 N = 25 
3d_ total 1,087 Third @& .0765 + .0077 N = 22 





1 Eliminated in calculating 3d mean. 











